POLYESTER PRODUCTI ON SYSTEM EMPLOYI NG AN UNAGQ TATED ESTERI FI CATI ON
REACTOR BACKGROUND OF THE | NVENTI ON 51. Field of the Invention

Thi s i nvenyioanosiebakes to a system for produci ng nelt - ph@ses2008/002270
pol yesters. In another aspect, the invention concerns an
esterification systemutilizing a vertically elongated esterification
reactor requiring little or no nmechanical agitation. 102. Description
of the Prior Art Mel t - phase l‘%:gmeri zation can be used to

ol
produce a variety of pBGLEESFER RUGTION-B Y8 EMEMP YB%QM ene
terephthal ate (PET). PET i YNAGHATER&STERIFIGATIN REAGHORand ot her
containers, as well as in synthetic fibers and resins. Advances in

process technol o ] i demand have |l ead to an
i ncreasingly con%&%smg\tﬂ*aﬁ I@ﬁﬁﬂﬁ@ uction and sal e of PET.
Therefore, a lgow cost ,1,hi giFieldf efcthenayvemtioeess for producing PET is

desirabl e. General ly, nelt-phase polyester producti.on
facilities, including t¥ddJavertion P T @ﬁyﬁ{@ﬁ‘mfgfl Rfpducing melt-phase

esterification Sgﬁn}éé?eéndlnaaﬁ&hepbw&ifiwmé@ﬁbrsesﬁééms dnNeétBAfication
esterification section, polynmer raw naterials (i.e., reactants) are

converted to pol yeystesn Ukitizingrervertigally elongatedastegiication: neactor requiring little
pol ycondensati on t] V. nononers exiting the .
esterification sett %oﬁggv%rﬂg%na@r%ﬁé% into a pol yner product having
the desired fidnal chaizn | egseriptmoithet PionAent i onal nel t - phase

ol yester production faciljties, esterification is_ carri t LD

gr ?/mr e mE(F:)hani cally A@‘%t’&b%ﬁe PSQ’E‘E%F@?'OEW g% ,“*8&%’53?@@1%% vafiety 6t
continuous stirr qempbijedidrs! @aehoas, (drSékimpleliqyeyethylefSTi8septittalateh¢PET).
mechani cal |y agitated reactors have a nunber of drawbacks that can .
result in increadddl Eapidely useshindisveragen footh @A Athers @Hﬁ%ésé’@t%s in

for the overall !{%ghbf%ﬁ:?ibe%%ffésﬂ{k,f Avhhéds i Broc$8NBERnobE coupled

mechani cal agitators and various control equipnent typically
associ at ed wibh @8thRncegasedaimhand haye g ipcan megpeasingly competitive market

for the production and sale of PET. Therefore, a low-cost, high-
efficiency process for producing PET is desirable.

Generally, melt-phase polyester production facilities, including
those used to make PET, employ an esterification section and a

20 polycondensation section. In the esterification section, polymer raw
materials (i.e., reactants) are converted to polyester monomers and/or
oligomers. in the polycondensation section, polyester monomers exiting
the esterification section are converted into a polymer product having the
desired final chain length.

25 in most conventional melt-phase polyester production facilities,
esterification is carried out in one or more mechanically agitated
reactors, such as, for example, continuous stirred tank reactors
(CSTRs). However, CSTRs and other mechanically agitated reactors
have a number of drawbacks that can result in increased capital,

30 operating, and/or maintenance costs for the overall polyester production
facility. For example, the mechanical agitators and various control
equipment typically associated with CSTRs are complex, expensive, and
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1 can require extensive maintenance. Further, conventional CSTRs
frequently enploy internal heat exchange tubes that occu portion
of the rea®ORW0&IBRBer nal volune. In order to corrpensat%g'ffﬁﬁoﬁﬁﬂ@zﬂﬁss
in effective reactor volume, CSTRs with internal heat exchange tubes
5 require a |arger overall volume, which increases capital costs.
Further, internal heat exchange coils typically associated with CSTRs

can undeS|rany interfere with t eflo attern f the rea n
medi um wi thin t hec%s@g\"'ret%?@ﬂ W?R S n El"'l %‘?nvggﬁf}%?spoerRs

To increase produféq t‘fémg@rﬁpl@t} ,mt@fﬁﬁa)r h@@ﬂéﬂfﬁangeahbwtna@%eupy a portlon of
production facilities 10 have e Io ed rrultl | e CSTRs aft
series, which furtgeleackscialarsabyelimeapilh é’lr entp 8%'@P3F$ 9628% loss in

Thus, ‘a need exi siediige ?ea'&tcghvan gc'@Q"I’Rspﬂitb{eiﬁié?ﬁalphéﬁte%%cﬁ&?ée tubes
m ni m zes capital, operational mai nt enance costs whi |

mexi m zi ng pr @jucrteqwawelaswmverall SolmERWhIEh W&WHIGNCOStS Further,
one enbodi ment of, H}ﬁalprh‘ég?néxch% tb&@ é)?ﬂl@él@o':ﬁs Gied e ﬁﬁﬁgséan

conprising: (a) sk Rk ing a reac er| i cati on
vertically el ongammbmblgrrmferieae wuth the&!otvqsatteamsio(m)e repthcmwa:leldy.;m W|th|n

t at 20 th t t
\:;ﬁlargl Innlgess th: rgggﬁs%oﬂsﬂ?g%rﬁes%l ing h'B 3glp§%t(? ﬁcln'?vser%pgw 3ré’d Ipfjease

mechani cal agi tatp@Auct conversion, 3k Goneeitialdlyestert bﬂ:d@kzﬁéﬁﬁhcmtles
i nvention, there is provided a process caonprising: (a) subjecting

First reactidid motRNEmaTePlERed NHIBIR [O5TRR GPTANSY e Seres) Whislyrurther
zone to thereby pih@f@é%@sﬁoé'l %ﬁltaggggbggpﬁ’h t&g} dng a conversion of at

| east about 70 percent ting at |east a portion of the
first product to furtthusea eeed iexdats dor arhigh sffinigncyepelyester paegass that

zone defined by & fsr}@ c%i)\}g 'Sﬁaq ng ar %E%Eerta%c%:@&f‘sb%hﬁé QG RiZhg

second product haV easl percent,
wher ei n sai d secopddastemviisiad.i on reactor defines a fluid 30inlet
for receivi nglst he first product and a liquid outlet for discharging
t he

SUMMARY OF THE INVENTION
In one embodiment of the present invention, there is provided a
process comprising: (a) subjecting a reaction medium to esterification in
a vertically elongated esterification reactor; and (b) optionally, agitating
20 the reaction medium in the esterification reactor, wherein less than about
50 percent of the agitation is provided by mechanical agitation.
In another embodiment of the present invention, there is provided
a process comprising: (a) subjecting a first reaction medium to
esterification in a first esterification zone to thereby produce a first
25 product having a conversion of at least about 70 percent; and (b)
subjecting at least a portion of the first product to further esterification in
a second esterification zone defined by a second esterification reactor to
thereby produce a second product Having a conversion of at least about
80 percent, wherein said second esterification reactor defines a fluid
30 inlet for receiving the first product and a liquid outlet for discharging the



second product, wherein the liquid outlet is |located at a hi gher

el evation than the fluid inlet. In yet another enbodi nent of

t he presenwO20082198926n, there i s provi ded an apparat us CRIMUS2008/1092240
reaction vessel and a plurality of 5 vertically spaced heat exchange
tubes located in the reaction vessel. The reaction vessel is

el ongated al ong an upri ght central axi s of elongation. The reaction
vessel defines a fluid inlet, plurality of vertically spaced |liquid

outlets, and a va$RSONGRTPEYCt, W‘?@r‘?‘l’ &h%ll"ﬂll'ﬂjé%u“%'sl'B‘Eﬂ?@@téth'ﬁh?ro%Yat'on

el evation than thl‘ﬁa%%ﬂé’rl RUblegt . The liquid outlets are 10l ocated at
an el evation above the Fw d inlet and bel ow the vapor outlet. BRIEF
DESCRI PTI ON OF THE DRAw weiSanother eragbediment exfbibei pﬁﬂegt omveml@nprtb%rents

i nvention are des h

encl osed figure, é\ﬁg% ‘J‘"pfgﬁ%%tbsl%b%i‘smghgr%%@nd p| St %gtrq %fphérahty of
first stage ed ervdricallyl spacedshean eml'fangartedes nocatedrinladhe aeactidn vassel.
enbodi nent of th resent invent U|t ble for

L bhete vl vacTBr TeRgian MesRet 1 diongAte aBng o8 bt falral axis of
depiction of a seéaeﬁgiatﬁirﬁgeneétr@écﬁdrp%sw défifetaat PhidCndtl GUpRAalit) of
accordance with one enbodi nent of the lE‘)ﬁiesent i nvention and suitabl e

for use in a nel tvastically $rRAcREsliqyd nuletrstansh ar vanar eutlety The (fluic infet is
I h 2 i
connecting the Selﬁ?é‘t‘édsaftaaglgvfe?tefé\)afh?ﬁ@?%ﬁf? \?'égﬁird%rutlgf. ﬂ@hq&d‘@l%&%ﬁ"e

first stage esterification systemo
is a sectiondl0 vilovatefl atlao elexadiod abtoxgdhe Suidriniet aad belowtheampoo putiét.
FIG 2, taken along line 3-3 in FIG 2. DETAI LED DESCRI PTI ON

BRIEF DESCRIPTION OF THE DRAWINGS
Certain embodiments of the present invention are described in
detail below with reference to the enclosed figure, wherein:

16 FIG. 1 is a schematic depiction of a first stage esterification
system configured in accordance with one embodiment of the present
invention and suitable for use in a melt-phase polyester production
facility;

FIG. 2 is a schematic depiction of a second stage esterification

20 reactor configured in accordance with one embodiment of the present
invention and suitable for use in a melt-phase polyester production
facility, with line A connecting the second stage esterification reactor of
FIG. 2 with the first stage esterification system of FIG. 1; and

FIG. 3 is a sectional view of the second stage este:rification

25 reactor of FIG. 2, taken along line 3-3 in FIG. 2.

DETAILED DESCRIPTION
The present invention can be employed in melt-phase polyester
production facilities capable of producing a variety of polyesters from a
30 variety of starting materials. As used herein, the term “polyester” also

includes polyester derivatives, such as, for example, polyetheresters,
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The present invention can be enployed in nelt-phase pol yester
production facilities capable of producing a variety of g esters
froma 30 VAPWISYF starting materials. As used herei nfP¢VH 09%(}05%70
"pol yester” al so includes pol yester derivatives, such as, for
exanpl e, polyetheresters, polyester am des, and pol yet her ester

am des. Exanpl es of mel t - phase pol yesters that can be produced in

accordance with t t '

t o, honopol yners ARl Qgctgfjgﬁ‘ﬁdésp\sé%gfé%g?tbgﬁﬁ%ganrgﬂat%rZépﬁnﬂﬂ%ateﬁ%ﬁ%ﬁse
PETG ( PET nodi f i epolyedtarsl that &aoybbolpmddlmdwrdﬂncewmw the present
conononer), fully aromatic, or

d t
bi odegr adabl e pol V&%?mtncwghbﬂgg%%ﬂééﬁrem{q erﬁﬂfggﬁqu copolymers

terephthalic aci dofapdlyathylire dérehih@sdtd UFET), PETG (PET modn"ed with 1,4-
pol y(cycl ohexane- di net hyl'ene terepht hal at e) hormpol ymer

copol ymers, ard hetdshsxpRedimaii@nebfeHiabr sogpnemen) duty g(pmattc or liquid
cycl ohexane i cargXulivg G5iigbdbres BRSJthadthd OBBIRSRAL CALRIY b3t Ghose

In one enbodi ment e pre i nvent ron, polyester startl
mat eri al s conpr i s¢ampriging ehstanediel, aterehbﬂhamda(ad fed sadigice amé dr&&fdbles

acid starting: mat 9 ihORhRRaS aPhbhs , (FEPhiAE],  REREPBERT: o
pol yester 15 prodw;iolmen@rl ans abrﬁmiymeme adldcau’dpmw\hers afi CHEKI dare
having in the ran% from about or. from

carbon at ors. 10%Ex xgpe (9'?%‘???8459 Iai':'l‘,j %\rc‘? W?FYQBP%‘W’%QO’MP@M

present invention can |hngha!Enbdiirhent of RS dréé@riteiﬁlvérﬂ:ont efciydutdrakiatting
acid, phthalic acid, isophthalic acid, naphthal ene-2,6-dicarboxyljc

acid, 20 cycl ohexnatedialacompyising at iepstgng c'alh?@Jaahe'auinﬂaefe!emt &Negacid are
di phenyl-4, 4'- d' Qﬁé& b “esfe?lfgah&lﬁ E'Eﬁﬂxnzﬁaﬁse%bﬁ%f%é#rbées%c' #he acid

2,2, dlnethyl 1, ropandlo I car I C acl succl ni ¢ acl
gI utaric acid, athpﬂmganatﬁrlahzem@ecﬁ dmaabo:@h@acidcsmh that shei finalpalyester

e ot o oSSBT el AEI6hoTo36! ABHGHRIE! A BB go o e
terephthal i c aci dange of frohre abbot)hoto sibaut i1rsgorrﬁtoem i&ltocHh daeben ditomns.
AN AT 1 I T T R RS T
diol's having in thf gk, obuf b%nrﬁhomhutéd 19, adyephthalic Ca¢ie0 phetaNasasid,
6 to 20 carbon .at ons.
isophthalic acid, naphthalene-2,6-dicarboxylic acid,
20 cyclohexanedicarboxylic acid, cyclohexanediacetic acid, diphenyl-4,4'-
dicarboxylic acid, dipheny-3,4'-dicarboxylic acid, 2,2,-dimethyl-1,3-
propandiol, dicarboxylic acid, succinic acid, glutaric acid, adipic acid,
azelaic acid, sebacic acid, and mixtures thereof. In one embodiment,
the acid starting material can be a corresponding ester, such as dimethyl
25 terephthalate instead of terephthalic acid.

The alcohol starting material can be a diol such that the final
polyester product can comprise at least one diol residue, such as, for
example, those originating from cycloaliphatic diols having in the range
of from about 3 to about 25 carbon atoms or 6 to 20 carbon atoms.

30 Suitable diols can include, but are not limited to, ethylene glycol (EG),

diethylene glycol, triethylene glycol, 1,4-cyclohexane-dimethanol,
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30Suitable diols can include, but are not Iimted to, ethylene glycol
(EGQ, diethylene glycol, triethylene glycol,

1, 4- cycl ohwoeoes/mseret hanol , propane- 1, 3-di ol , but ane- IeCr/uk2008/002270
pent ane-1, 5-di ol , hexane-1, 6-di ol, neopentylglycol,

3- et hyl pent anedi ol - (2, 4), 2-nethyl pentanediol -(1, 4),

2,2,4-trinmethyl pentane-diol-(1, 3), 2- ethyl hexa nediol -(1,3), 2, 2- d

|ethylpropane diol-(1, 3), hexanedi ol - 1,4-di- (hydroxyethoxy)-
benzene, 2, 2-bi s-RPPBYETIXYR)c| RiaREA )4‘Bi°3)pa9fé‘ta”e S-diol,” hexané-1, S'dl°|

2, 4- di hyd 1
oy 4' Pydroxy- | h;rl'lé}bcp%a @8{5@%%?%#@}3%@@%@? 4), 2-methylpentanediol-(1,4),

Bydroxyet hoxyphg@ZM—bngmhylaentanE-dnggﬂ&} hyd Zﬁﬂwﬂp:pfaped%h‘eayl) 2,2-

ropane, isosorbide r ogqui.n on

Dhenyl eneoxy) ) bi S%SEWE?I{SP?" RS e BpRORHL SR 1Y A ?@Iﬂ?yt%r’%"ﬂethm‘y)'

% b LSt a0 st O 5>

conpri si ng ter epﬁﬁﬁémegrﬁ Glogﬂﬁaﬁﬁt f#yé]%t‘ﬁ?ﬁ'fﬁ?ﬁm‘ EY“gcr’g)lfth%qcfPﬂDa? grcLE s(3-
acid, dimethyl isorhbhritRsp héhﬂ?—bl‘ﬁb&n@i - n@n%:@@m @@xgqfrbwwphbﬁyn

2, 6- naphthalene di‘car boxyl 1’c acid s et hyl ene 15 ycoI dieth
glycol, 1,4-cycl derane.- di ieosheniés. ( chissipquinona, b&%é%l?dlsulfonylbus}ﬂ-

pol yt et r anet hyl egg&llﬁﬁﬂ % qu{ hydri de, di nethyl
cycl ohexane-1, 4 dica oxyf@{)e, ﬁ%l nmet yba eca'i*r‘%ént'%, %‘ﬂdi car boxyl at e,
decal i n di netti@anol , delnala;dditiona;jht ba¢ aemb2dibrerd, itbar btaxjngt mateRia can

i hyd roxynet hyl - decah rona ht hal e 20 hy
hydr oxybenzoi ¢ ac§omP E) [oLe cPﬁl%pgg}e_rs gﬁ?%’le%%ﬂ)dnomers can include,

for example, comonomers comprising terephthalic acid, dimethyl
terephthalate, isophthalic acid, dimethyl isophthalate, dimethyl-2,6-
naphthalenedicarboxylate, 2,6-naphthalene-dicarboxylic acid, ethylene
15 glycol, diethylene glycol, 1,4-cyclohexane-dimethanol (CHDM), 1,4-
butanediol, polytetramethyleneglyoc!, trans-DMCD, trimellitic anhydride,
dimethyl  cyclohexane-1,4  dicarboxylate, dimethyl decalin-2,6
dicarboxylate, decalin dimethanol, decahydronaphthalane 2,6-
dicarboxylate, 2,6-dihydroxymethyl-decahydronaphthalene,
20 hydroquinone, hydroxybenzoic acid, and mixtures thereof.

In accordance with one embodiment of the present invention, one
or more additives can be added to the starting materials, the polyester,
andfor the polyester precursors at one or more locations within the
process. Suitable additives can include, for example, trifunctional or

25 fetrafunctional comonomers, such as trimellitic anhydride,
trimethylolpropane, pyromellitic dianhydride, pentaerythritol, or other
polyacids or polyols; crosslinking or branching agents; colorant; toner,
pigment; carbon black; giass fiber; filler; impact modifier; antioxidant, UV
absorbent compound; and oxygen scavenging compound.

30 In general, the polyester production process according to one

embodiment of the present invention can employ two main sections.
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In accordance with one enbodi nent of the present invention, one or

nore additives can be added to the starting materials, the g)ol ester,
and/ or t heWOAWAEWEBE precursors at one or nore | ocati on®CHPIAPEPORAR

process. Suitable additives can include, for exanple, trifunctional
or 25 tetrafunctional conononers, such as trinellitic anhydride,
trimet hyl ol propane, pyronellitic dianhydride, pentaerythritol, or

ot her pol yaci ds 9 L ki ' o u
col or ant: "toner;  TroRistEetiaf (R MR PRIl ApARTY Rerein 25 raw
modi fi er; anti oxi chateriald\ordbesantérdst) ictormponomiersaand/ox pligomersav Eng isagond

conpound. 30In general , . the polyester production,process accoydin Q
one enbodi nent ofs?%'gnpp"é'@'?ﬁtre?ﬁ eHi& fl%efénﬁi"éfgft OHE 'Q{f.\)clﬂi‘%r@?l
The first secti onpé@@géspmd@egi ng materials (also referred to herein
as "raw materials" or "reactants") into nononers and/or. ol igoners,

The second sedtion furlf g stasling materalysniareasharftistoiectipn darede apig end
the final pol V?Stgfoggé,oﬁh’cg{ as 2tdr éx%ﬁlsp?é,%%ﬁmhﬁﬁ:t §&iH WrSisEpMtRLIIO SN the
ude aci

first section inc end groups, such as, for exanple, _
t erepht hal i ¢ aci dfirst seclinpheambe ceferied, totascesterifizatioact!f the startingematerials

referred to as esterifi Lon.. Lf t ril er .

end groups, such %v,e I&Sﬁ%?ﬁﬁﬂé@%?ﬁ@ﬁ%& f"t@%@ﬁﬁ%ﬁ"ﬁ%@“’gf&%’? rﬁeﬁ%%% or
i sopht hal at e, thedifrietisyl isephihatateathddirstebecticrd can be rdféeed thOas ester
exchange or trans-e terifi&ation. Ffor Si i Clt

- ) dhe t u ) . w
Testorificatith exhangesriEnstenitatione s % SMPIEle e ferm esteriisation,

ester exchange reggt i - herBRY, efrikles! bottheedtefiffdativAC tanan dsteru ex8havge
esterification, ester exchange, or trans-esterification, it can b

referred to as theacti@nter iTheidereif tecirsbrection isnesesh &Ee%%?"iﬂ&@@%?-gﬁﬁer
to one enbodi mentehahde! Nér pﬁf%ﬁ?—@&}ght A1, O 3Rl d f fefdie@nidads ehe

carried out in one or e stages o e eSterification sectlon_a a
tenperature in tHesteifigatior sécton’ aif the paresst Actbuding 3006as embedioent of

235C. {0 about, 2906 MashP kAT aialafl GAcHS Lol 520t B F1Hle
psig, or 2 psig tsta§epst the ésterfieatid sentionlatrartempeheture er thgaranbaiofi from
et o e OO LD o B AR Akt 288 B pa
5 to 15. The secophapCtdmaPreddife Bf REEIARaK ABolE2S BERY! bEE drésdifictif the

pol ycondensati on section. The pol ycondensati on section can enploy a
‘ range of from about 1 psig to about 10 psig, or 2 psig to 5 psig.” In one
20 embodiment, the average chain length of the monomer and/or oligomer
exiting the esterification section can be less than about 25, from about 1

to about 20, or from 5 to 15.

The second section of the process can be referred to as the
polycondensation section. The polycondensation section can employ a
25 single step process, or can be divided into a prepolycondensation (or
prepolymerization) step and a final (or finishing) polycondensation step.
Generally, longer chain polymers can be produced via a multi-stage
polycondensation process. Generally, polycondensation can be carried
out in the polycondensation section at a temperature in the range of from
30 about 220°C to about 350°C, or about 240°C to about 320°C and a sub-

atmospheric (e.g., vacuum) pressure. When polycondensation is carried
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25 single step process, or can be divided into a prepol ycondensati on
(or prepolynerization) step and a final (or finishing)

pol ycondenwatdoasmosdzep. Ceneral ly, |onger chain pol yner spcrns2bes/002270
produced via a multi-stage pol ycondensati on process. Generally,

pol ycondensati on can be carried out in the pol ycondensati on section
at a tenperature in the range of from 30 about 220C to about 350C, or
about 240C to about 320C and a sub- atnospheric (e.g., vacuum
pressure. Wien poPyichderiwatstage i Rroeess.i the PseRolymeprzation (e dqpepolymer)
process, the PrenLUIRIChARLhoLY i mBhEMEY Lilha theBSieficAfA ¥R to an
t he mononer exiting e esterification sectionh into an oligomer

havi ng an aver agecligoaier Havingt &n avertage ahairglength inrtbenrabge of fomoatzdhd 2 to

40, from about 5 to abgut, 35, or . from 10 30. The finisher .
reactor then conv%t?ng ‘ﬁ#eﬁ%ﬁ?ﬁﬂ%ré S%IE\}H’EF %rfﬁ HJFOé"im 66 Ti 3‘3? finisher
pol ynmer produg hadtig thére coevértctheadiRjoras/phher mxagiehintd ypfirehipoyymer

greater than about 30, greater than about 50, greater than about 75,
or greater than SOductiaving dhedesicad éY‘?fPBEa‘Ehadih?eé@é'?'i‘Bﬂ'%'c')hﬂf%‘?"ega"

i n accordance W t4holff 30N grétbrMafBatou® 50l BRedibefRALabdlY 98! bPBrdater than
depicted in FIGS. 1-3. I'ﬁ particul ar, FI GB 1 illustrates an gxerrpl ary
first stage ester9d.ication system while FIGS. 2 and 3 illustrate an

S B o ot 23 el Ml Selon LA i 3208 i

detail. 15Reft@rrione embotiméit@f the mebemtsinventageisedemictetiindtiGeh 1-3. In

system 10 particular, FIG. 1 illustrates an exemplary first stage esterification
system, while FIGS. 2 and 3 illustrate an exemplary second stage
esterification reactor. The multi-stage esterification section of FIGS. 1-3
will now be described in greater detail.

156 Referring now to FIG. 1, a first stage esterification system 10
configured in accordance with one embodiment of the present invention
is illustrated as generally comprising a heat exchanger 12, an
esterification vessel 14, a distillation column 16, and a recirculation loop
18. In general, the process carried out in first stage esterification system

20 10 includes the following broad steps: (1) introducing an esterification
feed into heat exchanger 12; (2) heating and partially esterifying the
esterification feed in heat exchanger 12; (3) introducing at least a portion
of the heated and partially esterified product from heat exchanger 12 into
esterification vessel 14; (4) further esterifying the partially esterified

25 product from heat exchanger 12 in esterification vessel 14, (5)
separating a liquid product from a vapor byproduct in esterification
vessel 14; (6) introducing at least a portion of the vapor byproduct from
esterification vessel 14 into distillation column 16; (7) separating the
vapor byproduct into a predominately water overhead stream and a

30 predominately alcohol bottom stream in distillation column 186; (8) routing

a recirulation portion of the liquid product from esterification vessel 14
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configured in accordance with one enbodi mrent of the present invention

is illustrated as generally conprising a heat exchanger 12, an
esterifi caMbOWIYWEEE| 14, a distillation colum 16, andPGI/US2008/002270

recirculation loop 18. In general, the process carried out in first
stage esterification system 20 10 i ncl udes the follow ng broad
steps: (1) introducing an esterification feed into heat exchanger 12;

(2) heating andprtl I sterif e n.f.e e

exchanger 12; (3) ? dl){%aftnsx%nar%éggg}éa po'r%kﬁglﬁ 1b|$al%ah§ %éeat?%d%“ ﬂ'Fe
partially esteri fﬂe@ﬁcmbﬂdhl@brtfdm@ﬁ thediqquMMQt%rs flévingttbrough recirculation
cotorified 26 preaacts MO BB ErETIEEd PP it RIElSs gfiumn 16,
vessel 14; (53) Seﬂ?éér%ld&%oﬁ édoﬁtWe@h)praﬁdmtad‘d Oérm@w@l)pwrth@mw;@ecprounct

esterification vessel 14; (6) introducing at |east a portion of the
vapor byprodudt fpetirasefether iiguiti produet fiom esterification saspehilfofer further

colum 16; (7) s @g&ﬁ,}t}%g%\@m byproduct into a predom nately

wat er overhead sttieam and predomi nately al cohol bottom streamin
distillation colum 16As {rRlicateditaboge dirskstagelestérdication candeotartied out in

l'iquid product from e rificatio ves t

12 via recirul atl ‘ﬁh %%% ﬁ’éCh Q?r %F’ée?%ca%ﬁweaﬁ%eg% ;é:é%gﬁg on
the |iquid producdy gtémﬂmwneréfbfs)u@at egchargédratd eﬁdleswlﬁbatlomddsm 14
thereto recircul ated al cohol from di si;l | | ation

al cohol, addid ve¢a)) caghaedefeltgdito as direh BlAgR; %ﬁ%ﬁ?@%ﬂ“ﬂa fsaﬁPEﬁjHE?f egch

portion of the |igahfd RpBMHH of 4 @ﬁfbﬁ&hgé'efsté‘rﬁkbﬁéh !Sﬁéfﬂ Hé#elé because
further downstream proceSS| ng. i ndi cated above, first stage

esterification caan pdditienal fackien of he%foﬁchﬁéﬁf-‘r 42 caarkeelo heatrthg reaction
esterification Ver% ,um}ﬁ Cas%é& qﬁéﬁe‘ir?%éfﬁ’éfgﬁéﬁiép @ca@hﬁé@ 8 efe éFé?Ja{o

exchanger 12 and e er| A6n vessel ach be referre
as f| rst stage esg ar“héateaftihahdeﬁmﬂ at‘béattrlgazorced’chLm‘ﬁffer nginge poradddienal
of a "first st eesﬁﬁerlflc nzone aus

addi tional fuhvcti9hC h‘?afafe ‘ﬁaat%‘elyei?i iﬁ B%“ t% ﬁgaf’rc{rﬂ%er yapgrfligyid

medi um processed dub@rﬁ?agbmémates@rmb@trtgﬁweé&lcm cahsslsbeve eéferreddot as a
as a "heater"” that defines a "heatin Further, since an

ot
addi tional 15 fun@iSe59agemest &espelc g?b ete)%%%e"l “qizepgacesrenty ZpRe ot e
vapor/liquid di Se&gﬁ%ﬁl‘ﬂii@n apal 8pefdtieat bPrflryte%'f&je TAtémapbs Osydtem 10,

referred to as a agenent vessel" that fines a "di sengagenent
zone." The confi gliustrat Ilaﬁtﬁ o‘beYl&ﬂDWerﬁeSqflb§d i geRpterdstaili f i cat i on

system 10, 1dgust r at edRéi‘%rﬂquEpén {_@ ) new, bpecﬂgﬁﬁg ﬂbﬁgu't’ BE &feam,

detail. 20Referring agarn { aretirc uct
stream di scusseddiscussedeindetoze Idetsl below, ds ttrmsppdedddradghoag‘ecmculatlon
recircul ation ‘conduit 100 of first stage esterification system 10. As illustrated in FIG.
1, the following materials can be added to the recirculated liquid product
stream flowing through recirculation conduit 100: (a) additional fresh
25 alcohol introduced via conduit 104 and (b) one or more additives
introduced via conduit 108. In another embodiment, at least a portion of
one or more streams in conduits 104 and/or 106 can be added to the
stream exiting esterification vessel 14 in conduit 114, which is discussed
in detail below. In yet another embodiment, at least a portion of one or
30 more streams in conduits 104 and/or 108 can be introduced directly into

a yetto-be-discussed recirculation pump 40. The fresh alcohol in

8



"conduit 100 of first stage esterification system10. As illustrated
in FIG 1, the followng materials can be added to the recircul ated
i qui d prodochosstosesam f 1 owi ng t hrough recircul ati on corsmws20360220@)
addi tional fresh 25 al cohol introduced via conduit 104 and (b) one or
nore additives introduced via conduit 106. |In another enbodi nent, at
| east a portion of one or nore streans in conduits 104 and/or 106 can
be added to the streamexiting esterification vessel 14 in conduit .
114, which is di seansisitd19h caer kel ame ofvihel alcpbels adiseyrsedeabevg @snpeing

at least a porti b9 gut%niei”é’s @éﬁnagﬁqﬁmﬁ'}g@ 3ﬁgg%£f319ﬂ tRE Jr88ent

106 can be introduced dire y 1nto a“yet-to
recircul ati on punpverttionThAcéordisly &l ond@mhadimeni)dig @lcohd! can becethylene

et o Cars o ht e WIS THe YPR1S: b StonR b Bl lod Son s bl B
enbodi nent, tige adduitivels distudsedeibvvecas beingcsditabld éoromsedoin ther system of

additives in condHit 106 .can he any of the 5 additives discussed
above as bei ng sUNERFESENEIVEIERR i n the system of the present

i nventi on. Additional acid from conduit 108 can also be added to the stream
flowing through recirculation conduit 100. The acid introduced into
recirculation conduit 100 via conduit 108 can be any of the acids

10 discussed above as being suitable for use as starting materials in the
system of the present invention. The acid in conduit 108 can be in the
form of a liquid, slurry, paste, or dry solids. In one embodiment, the acid
in conduit 108 can be solid particles of terephthalic acid.

in one embodiment of the present invention, the acid in conduit

15 108 is added to the recirculation stream in conduit 100 in the form of
small, substantially dry, solid particles (e.g., a powder). [n such an
embodiment, the acid fed to conduit 100 can contain less than about 5
weight percent, less than about 2 weight percent, or less than 1 weight
percent liquid. This method of dry acid addition can eliminate the need

20 for complex and expensive mechanically agitated tanks traditionally
used to convert the solid acid particles into a paste or slurry before
introducing the resulting mixture into the esterification process.

As illustrated in FIG. 1, a pressure reducer 20 can be employed to
permit the direct addition of a solid acid reactant into recirculation

25 conduit 100 without being in the form of a paste or siurry. In one
embodiment of the present invention, the solid acid reactant can be
added to recirculation conduit 100 at a location where the pressure of
the recirculation stream has been reduced via pressure reducer 20.
Pressure reducer 20 can be any apparatus known in the art to be

30 capable of reducing the pressure of a primarily fluid stream so that

material can be added to the pressure-reduced stream via an opening

9



Additional acid fromconduit 108 can al so be added to the stream
flow ng thr ou%h recirculation conduit 100. The acid introduced into

reci rcul at POPRBWERPt 100 via conduit 108 can be any of P¢HESHIER o

di scussed above as being suitable for use as starting materials in
the system of the present invention. The acid in conduit 108 can be
inthe formof a liquid, slurry, paste, or dry solids. In one

enbodi nent, the acid.in conduit i d I
terephthalic aci aProxing tﬂ&ﬁ?&&l‘f’r&%&’&a@ E%gﬁgr es;e\ﬁ'ié I n{\%nﬁsloﬁ% ex H}g)le of
acid in conduit 1&n 4pPafstusisuitmbld fortuse asq:ressméaédmrsator eamin

condui t 100|ntheformo smal | nti cla ar jd part.i

(e.g., a powder). In s‘ﬁ%l‘l‘ Hatﬁ%@ﬁ#eat ‘g] %?' %@6‘39 iNc it

can contain | ess Eé%adéa%treé.ramawﬁ |059r1@abwnls.ﬁé§mtmneaéwﬁor%l alcohol
wei ght percent, ' ess than 1 wei ght percent ilgl d. This nethod of

dry acid addit8 onalm@rﬁdﬂlil\rﬁ rajeetiqr doiided f@"ﬂ'@f. APN eRe ardvasaaassisy to
mechani cal |y agit, irsﬂu&értbé é&nﬁd%&h%%g{% tYARA e tgewéq (i &reeRbiiStion

acid particles |n or s ore intro
resul ting m xtur ecomiult t0teinewrter tdexmilterih@dmsekslon of the s@ls:l acid particles

perm . the i 1 ecteadipY; OReGTe 19g) e deviEyaldl aBafiy o THE" phdsence o
recircul ation 25 gepestet rMékbieishand/obeligemers mehd eearalatonpeséamotan

slurry. In one enbodi ment of the present inventi e solid acjd
reactant can ¥k a%l&@deE‘Ba’PQ?c|tF%u‘I"§$‘P|B1i'P’b09de?et 5}?33 QF'IaapPHt‘?éEﬁ ded to

wher e the pressur%g%gbhsn rc%ﬁliﬂwbét'lﬁrbrﬁat é%%m@éathﬂqﬂerpeés&ﬁdnverﬂ.on

pressure reducer ressure reducer can be any apparat us known
in the art to be e atma@mirere@frcmlemwrgiqm‘eoq)%%bav%aaﬁvarqmcm?rm lapgth

fluid stream so tadhe TBAEL bitofdboEs 350yl 20 HiuPBes SHEGE TE LIS 15.

stream via an openi ng € zone o ressu

eductor is one exanpl eGehemlly apthar atmasing uot adjbamdloandsacais quidesls doe the
reducer 20. As illustrated in FIG 1 SoLi cid reactant

in conduit 10% cd ﬁcﬁ‘é“]ﬁhﬂ'édStlr%a'Pem EGiIreATon I%%F%i%qggvﬁg?r &n¥, gnount
the additional algaliekaly a0dpeAtidel ithe dayiredt pesturtiont rate Fand hibe, desired
can be advantageous to introduce the solid CI d reactant into the t%)e

portion of recircalFeholda-adshfmlia imeneerab *he dresent jgvention
di ssol ution of thgoRp! b o684 L iafbesr aRet Eé’r)érlﬂ@oﬁ%“@eéd‘télrééh@ exiting

recircul ation stream e presence of polyester nononers 'and/o
oligomers in the neetfcluletm)latcoodUIéﬂQ@amftmﬁ nengsl efofremahase 1:0R6: 10 about

di sso! ution 0 t hﬁ) ﬁg%%&ga‘cbgﬁgﬁbk’ﬁ!eﬁ gldgi gfﬂ)éqm rcul ati on

conduit 100. T'’n oné ment o tésent I nvention, the stream
in recircul ati on condule Xdnkined rareanarexamgr sgrercaladion tmrgnhma amdyor
range of from aboﬁjrtes%urteore Bge} 28 can%e m%ro%ué[:é)d %ts)oant es éhf Stion fteed |s!13to an
inlet 22 of heat exchanger 12 via a feed conduit 110. In heat exchanger
12, the esterification feed/reaction medium is heated and subjected to
25 esterification conditions. In accordance with one embodiment of the
present invention, the temperature increase of the reaction medium
between the iniet 22 and an outiet 24 of heat exchanger 12 can be at
least about 50°F, at least about 75°F, or at least 85°F. Generally, the
temperature of the esterification feed entering inlet 22 of heat exchanger
30 12 can be in the range of from about 220°C to about 260°C, about

230°C to about 250°C, or 235°C to 245°C. Generally, the temperature
10



General ly, the anpbunt of al cohol and acid added to the 15
recirculation streamin recircul ation conduit 100 can any anount
necessary We 200850838 t he desired production rate and thECTIES2008602270

al cohol -to-acid ratio. In one enbodi nent of the present invention,

t he nol ar al cohol -to-acid ratio of the esterification feed stream
exiting recirculation conduit 100 is in t he range of from about
1.005:1 to about 2010:1, about 1.01:1 to_ about 8: or 1.05:1 to 6:1.
The combi ned st re%frﬁhéxﬁ’?ttﬁﬂ@cﬁt'@ﬂlFP"@G‘P%&Q’@W%@%@@“ et beahexdiangeed3ran

reducer 20 can beyd j i ;@@%gﬁba%f it &8b 2&0@3& %‘Boﬁﬁ@ﬂo‘@té’%ﬁﬂ 259 elto

22 of heat exchange con eat exchanger 12,
the esterificati oabdutedPO%acor cVitEditain29E Oneaﬂ'bd m@tlglmbmedm moheat

bresent | nventi orXrBORE 1eFal BecaRiFEelAor WReRR, Fnfandl offfom
between the i@ etatbutdntd avouwtlB0 psig 2ol abveti Oetscdbang 86 pisig, oarrfrdtm & to

| east about 50F,h§§ | east about 75F, or at |east 85F. Cenerally, the
tenperature of t BSPerification feed enteri ng inlet 22 of heat

gﬁg[}?nger 30 12 can bead ndisbgsdednGReRbudly,0Mei Obkeitier t 92 akant aR80Ge

considered an esterification reactor because at least a portion of the

reaction medium flowing therethrough can undergo esterification. The

10 amount of esterification carried out in accordance with the present

invention can be quantified in terms of “conversion.” As used herein, the

term “conversion” is used to describe a property of the liquid phase of a

stream that has been subjected to esterification, wherein the conversion

of the esterified stream indicates the percentage of the original acid end

15 groups that have been converted (i.e., esterified) to ester groups.

Conversion can be quantified as the number of converted end groups

(i.e., alcoho! end groups) divided by the total number of end groups (i.e.,

alcohol plus acid end groups), expressed as a percentage. While

conversion is used herein, it should be understood that average chain

20 length, which describes the average number of monomer units that a

compound comprises, could also be appropriate for describing the
characteristics of the streams of the present invention as well.

According to one embodiment, the esterification reaction carried

out in heat exchanger 12 can increase the conversion of the reaction

25 medium between inlet 22 and outlet 24 by at least about 5, at [east about

10, at least about 15, at least about 20, at |least about 30, or at least 50

percentage points. Generally, the esterification feed stream introduced

into inlet 22 of heat exchanger 12 has a conversion of less than about 90

percent, less than about 75 percent, less than about 50 percent, less

30 than about 25 percent, less than about 10 percent, or less than 6

percent, while the esterification product stream exiting outiet 24 of heat

11



230C to about 250C, or 235C to 245C. Cenerally, the tenperature of

the esterification J_groduct exiting outlet 24 of heat exchanger 12 can
be in the VI YF%Pr om about 240C to about 320C, aboutPOEERWORBt

300C, or '275C to 290C. The reaction nmediumin heat exchanger 12 can
be maintained at a pressure in the range of from5 about 5 to about
50 psig, fromabout 10 to about 35 psig, or from1l5 to 25 psig.

As di scussed prevj I exc f S | e
esterification re%)gc‘t%%ﬂ%regga%saes ét&%&gﬁoi%go%?p ?%gr% é)h&ﬁhewﬁég%ﬁ f'o% st
Medi um f 1 owi ng t hatsealt BOperbemntaat leasteatyput FStrarcéntcat least abiche 75(peacantpat

“nvent fon can. bo BBSNEPPYCRD|RPrERTtmE? dFaclcahil, 8 GRTcatie S eapt AUt 95

the term "conver sp&gent, or HERHst 98 gerent. be a property of the Iiquid
phase of a streamthat has been subjected to esterification, wherein

the conversio® of the lBsees igmiedinept o thadpregeals inveatign thenesigafieation
the original aC'dre%eﬁo&%aﬂreﬂugg ihdat R34Ra £ URER" 156k G ePsignificantly

esterified) to ester groups. nversion can e1 quantléll ed as

nunber of conver treduced regidenz= fme gelativd tmbonventianglreaigrfjcationipdecksses.
the total nunber of end groups. (i.e. o ;
expressed as a pel?%re?ﬁ = %Ia}v%ra&en(?gfgseﬁggqqn%@hf;@gar%égtéﬁﬁlelgiuﬁﬁ%%ﬂné;

be under st ood t hahrawgr kee exbhamgetOl 2 egbd jesstithah abears0d hesuteheess than
aver age nunber_ of m)norrer_unitﬁ t hat a con%%und onprises, could.also
t

be appropri at® f AP LS MHIUES 6s r3hqut Sosminules, orless inytes.

the present inventhignehftiveRl Short residefes Oofilengant veRebenbeitv@ntat higR,
esterification reaction carried out in heat exchanger 12 can increase

t he conversion ofcammercialcseala Produekipr ralest weklisi rn eene 2mbediggnt.cthe
24 by at |east a?ﬂ’dfjua’ %t?éaab"g %?(ﬁ% 8@9%[‘#&% S)@Peegfs ?kmeﬁqﬁ%t éﬁow%ta{ gf at

| east about 20, eas ercentage points.
General |y, the edeast dbaatliOlOd peuhdst peramlirr{to/iyd at kehst about 28,800 Xahpat

heat exchangegr. 12 has .a ipn of |e ut 90 percent,

| ess than abgét %%a%eﬁbeé’ﬁ?’?}q%@éﬁ’n Rﬁﬁt Igsgﬁécgg&%@?@ent, | ess 30 than
about 25 percent, | essTurhing wdwdte $Pegific configuration @ hebharctanyer cl@nt In
while the esterification praduct strea{géexi ing t8ut|et 24 of hea

t
exchanger 12 has 3F¢@ sl dneycemiodinent ook tBe BEGSEDh: INveRtiQn, o bipat

about 60 perCGnt,e%ah?@ﬁt‘lzaQQHt bé Ca Hﬂfr&%ﬁiallyaéloh?a@ﬂ,a@@ﬂtar@tube heat
percent, at |east about 80 percent, at |east about 85 percent, at

| east about 95 pesxsbangelor Ady interaat flow passageway through heat exchanger 12
20 can be defined by the heat exchange tubes through which the reaction

medium flows as it is heated and esterified. This internal flow

passageway can be considered to be a “first esterification zone" of first

stage esterification system 10. Generally the aggregate volume of the

internal flow passageway through heat exchanger can be in the range of

25  from about 10 to about 1,500 cubic feet (ft%), about 100 to about 800 ft°,

or 200 to 600 ft*. The average inner diameter of the individual heat

exchange tubes can be less than about 4 inches, or in the range of from
about 0.25 to about 3 inches, or 0.5 to 2 inches. _

As shown in FIG. 1, a stream of warmed heat transfer medium

30 (HTM) can enter the sheli-side of heat exchanger 12 and at ieast partly

surround at least a portion of the heat exchange tubes in order o heat

12



5 n one enbodi nent of the present invention, the esterification
reaction carried out in heat exchanger 12 takes place at a

si gni fi canMoprooszdsazed resi dence tine relative to convernecousnos/ 002276
esterification processes. For exanple, the average residence tine of
the reaction nmediumflow ng through heat exchanger 12 cab be | ess

t han about 60 m nutes, |ess than 10 about 45 m nutes, |ess than about
35 mnutes, or less than 20 m nutes. This relatively short residence

time can even be theHeagtien medivghiovdpantherethipug.allB” ¢ne gmhodinentefcthe
Thus, in one enbaodi ; r C t | I t
exchanger 12 at %g%\%t H%\{%ﬁgﬁ’ gtﬁéjlﬁe%azt fr%%f@fgf bd(%ﬁtpgﬁsnﬁatggraﬁgutrhe
(I b/h), at |east hemiing of3h®6adtibnmediumitheatexchtanger $2 caobelintig range
at | east 100, 000

| b/ h. Turni n W, | fic. eenfi '
of heat exchanger"fl’li‘.’ml ﬂb%%c%patgnq%o%é@ gﬁ?@%ﬁggp%ﬁf g;ﬂ%rﬁéeﬂfatré%ot
DL elstent ijnvegtfai ﬁr(BTrwnv’Fen?p,hamﬁArs_na aaoutlbem'a B bzl d:ryfrehDﬂ@aLcetﬁ,O
shel | - and-t ube heat exgc ge n interna ow, passageway, t hrough .
heat exchanger 123-5'6""5%%; ﬁi@?itf’?@i Wo’t“ﬁfeoﬁé'éﬁateg@?g%@é@ttﬁbgl& r€action
through which thenegmed irPRedBEHCHBhELOS caR belinithe 183G 8f #BA about 100 to
esterified. This i1nternal flow passageway can be considered to be a

"first esterificaabasit 7@ BTk pei peyndsehipactien arediimBTaHIbsyabeyh 409 to
General ly the ag%b%?b%dﬁ)é’gﬁﬁb% dbetoi‘f‘&% B?Uélél ow passageway
ein

t hrough heat exchanger’can "“he range o fromabout 10 to
about 1,500 d@bi c feetAg HegictedaindtiG. 1)ahe padialivtestdietit Boduct @Ging beat

600 ft3. The avera i nnher.di a of the, indivjdual_ he X

t ubes can be Iesse’?%ﬁﬁﬂg%rb ¥ lafnﬁ%gégst{an&e Frﬂnﬁq?geldéﬂgeest%rﬁ{cﬁﬁgﬁrpgg%ﬁt14
0.25 to about 3 ivigkeadui®ri1Q. SThe partidlghesderifdal shoam ihncdridGit 112 ean be
stream of warnmed heat transfer pedi um 30 %{ifl%;grﬂ,fpan ente

| ! r the .
shel | -si de of hedbtresigpshigls thepinigipalyolym C@“Qﬁr‘“ﬁéaﬂd&di’*a|%ﬁgp

a portion of the jhRAbseARBARsEHRRSvibISIP At PicAReH vedddt 14 ehetdLhially
medi um f1 owi ng t heret hrough. I n one enbodi ment of the present

invention, tH& hewsterifieghsitwant oisf subjested dgsébutharegstarifipation: anchtphase
O 1 eact! on, TEaHIkdD AR yAAAEIod e Rnd iy O8ofRfibpUesse
(BTU h-F. ft2), abigutcdn tbeabonsiddied BIUbR. it Zesterification 1oned _Eﬁdlor a
medi um i 0 heat | oxERERBRITRENLETS, o Ganaraly. dae geaginr B b gL e et
about 5,000 BTU pekseioysadions saBsthhillynestizomdlBTiHdlgh tied mterndd Golume.
about 2,000 BTUAb, or 600 to 1,500 BTU I b. L

20 As the reaction medium flows away from fluid inlet 26 and undergoes
esterification, vapor byproducts escape the liquid phase and flow
generally above the liquid phase. The separated liquid product can exit
esterification vessel 14 via a liquid outlet 28, while the separated vapor
byproduct can exit esterification vessel 14 via vapor outlet 30.

25 The esterification reaction carried out in esterification vessel 14
can increase the conversion of the reaction medium processed therein
so the liquid product exiting liquid outlet 28 has a conversion that is at
least about 1 percentage point, at least about 2 percentage points, or at
least 5 percentage points higher than the conversion of the fluid stream

30 entering fluid inlet 26. Generally, the liquid product exiting liquid outlet

28 of esterification vessel 14 can have conversion of at least about 80

13



10As depicted in FIG 1, the partially esterified product exiting
heat exchanger 12 via outlet 24 can be transported to esterification

vessel 14 VU2RHWAWEt 112. The partially esterified strEaHVPHOKWAIN ¢

112 can be introduced into the internal volune of esterification
vessel 14 via a fluid inlet 26. As discussed previously, in
esterification vessel 14, the partially 15 esterified streamis

subj ect ed 10 fUrt hekoRRLRIdLd GRblOL BOFLARASIeSANBEA b berdkMiSat B o5

i nternal volune defined w N es i on vesse
consi dered to be percéatbent ldashaban SBperéentnd/ or a " di sengagenent

" Generally, th ti di um i terificati | 14
flovs substantial |y hoftsRPAPISPY APBERYRA dRCSSRiIaalan ViscEhad o8 mecur

the reaction medi giind awelanely sHaMdsiddrte fihetandowanditlenéenearsat input.
esterification, vapor byproducts escape the |liguid phase and fl ow

general |y abpv’% ther exaimple. ghasaverage reglanee ding idfung [RAGHAR (MegHm in
exit esterificati Qh-MeSHBh Vebs¥l 82 &ah E’é’!!%soﬂfaheébcﬁﬁ%‘mﬂiﬁﬂéﬁebss than

separ ated vapor byproduct can exit esterification vessel via vapor
outlet 30. 25 Thabaut 60 iminsias, dess dhaniamwatd imigutas, less than about 30

esterification ve 4 L hgrea nvegLs| t Cld
medi um pr ocessed ﬁﬂt%%nogg@?%e ﬁqalgdtngrﬁ%%gbt %@#@%h&hﬁ gﬁ'}d’&ﬂgu{)ﬁ g'{éat
28 has a conver si pansfoaed it that relaetion matdium id eperifeationgeessel 14 cantbe less

| east about 2 percent agge ints, or at |east 5 _ percepnta i nt.s
i gher than (Hb cOaperE OBrSTH A RAURASET teari Sb e G TR by dess than
26. Cenerally, thgpdit@ol BTN IS thani oot 5B TWAL] 0P Edsahard BITU/Ib.
esterification vessel 14 can have conversion of at |east about 80

percent, at |east aboufVithsmidmabsr nethgaligput b estasification agsselail4. the
| east 95 percent, : " I@n

achieved in ester?‘&lrrggéitgﬁ@g%tgyﬁiﬁgawggﬂ?d%ﬁr?ﬁgnghrﬁ'}gﬁ;'{b :(@%Fy?@ of
short residence testerificationi tassel 04| earobenwithivaabdutri°C, ket ERGm@beut

(e oYL 39 LIRS bR ok AR TBARS, BFB FElRl
mnutes, |ess thagstelfudtioASvesselt b5, via efluidt imet 2BoutGéterallyuties  average
s e serBihS MEli b SR bl 8! 56 il
100 BTU per poundyg¥sel 84CdrBenRdinemdngeUbt rbm bBsst 2DaT ababou? 320°C,
BTU I b, less than about 5 BTU Ib, or less than 1 BTU I Db.
about 240°C to about 300°C, or about 250°C to about 275°C.
20 Turning now to the specific configuration of esterification vessel
14. In the embodiment illustrated in FIG. 1, esterification vessel 14 is a
substantially empty, unagitated, unheated, generally cylindrical,
horizontally elongated vessel. Esterification vessel 14 and can have a
length-to-diameter (L:D) ratio of less than about 10:1, in 'the range of
25 from about 1.25:1 to about 8:1, about 1.5:1 to about 6:1, or 2:1 to 4.5:1.
In one embodiment, fluid inlet 26, liquid outlet 28, and vapor outlet 30
are spaced from on another in a manner that provides sufficient
esterification and enhances disengagement/separation of the vapor,
liquid, and foam phases. For exampile, liquid outlet 28 and vapor outlet
30 30 can be horizontally spaced from the fluid inlet 26 by at least about

1.25D, at least about 1.5D, or at least 2.0D. Further, liquid outlet 28 and
14



Wth mniml or no heat input in esterification vessel 14, the
average tenperature of the liquid product exiting liquid outlet 28 of
esterifi caniomoos/mseel 14 can be within about 50C, aboutr@EOG2oe@m0zH70 15
20C, or 15C of the average tenperature of the fluid entering
esterification vessel 14 via fluid inlet 26. Generally, the average
tenperature of the liquid product exiting liquid outlet 28 of
esterification vessel 14 can be in the range of from about 220C to
about 320C, aboutvappooutlst d8aean Beoertiaally Shgged Jmme ane aneher byt legy

Turning now to t%&ﬁ%ﬁéléﬂ% H{@ZF%nopgt t@ﬁ&t%"!;%lbcat' on vessel

14. In the enbodi nent ustrate , esterification vessel 14
is a substantially enpAs jllustratgidt it El;. Lnésterifiahtiopevassel 14 can comprise a

cylindrical, horigontall. | o ted vessel . Lerifl ian

and can have a | -'?tﬂgﬁﬁ%éré? 3? L) eatelﬁgé{(l) pléé@ﬁitl?gxnoggﬁ)%ﬁge&ﬁo
10: 1b in % hi fsan%téﬁfcaﬁonf\feeﬁblflMUtInﬂhé%rﬁbbmnﬁmmltusj&gﬂed Fbgugei fuiti
to about or 2: n one e nl et

| qutd out | et 23, dsibupE P IRRIY 19 BRIy e BtalY SHEITE BPRdraying 2
manner that providfigamwathly Cupidd %E@!'érﬁ&%’aﬂ”démﬁésemhﬁﬂqmét 26 with a
di sengagenent/separation of the vapor, liquid, and f oamcﬁhases For

exanpl e, |iquid clawsvardly faring gsientasion) et lwaweb/arﬂ% fetriputent 34 1aan
d f he fJ
Shout 150 or - arddidq Plfaysy e Bbefihos 504l the Wnrudly ei8HHed foed

outl et 30 cartObe atenultipkd hgrizpdalydspacsah bnatlmsolmestebi}caitonl wse! ahouln
0.5D, at |east about 0.

. 5D, D I
in FIG 1, ester |9ﬂec§mb8ﬁ"f08§£8ft"ﬁepﬁsﬂerg 'Hﬁ?ntg)@ +dhg %Yed-a%% #%ptﬂmqtfe&'
32 to aid in the rehéws m&ludhslhrééwﬁﬁoaﬂoﬁfvdsbel ﬂ¢€isi rtlaln’élned at Iess than
esterification vessel 14. In the enbodinment ill ted i

fluid distributoradost 8788, )}e%ﬁ thapabawt 010l g% § Brﬁ ut 9. ecﬁd‘?ﬁ'?gtha"
pi pe having a dOVW’i‘S‘B(HsYt ﬁuoé'ie%u@bt%mbu;ﬁﬁ&.ﬁd}@émﬁfdmﬁe&ém&tmI\@sse:

26 with a downwardly facing orientati on. Al ternatively,
distributor 32 cak. def| ne a plurali ty of openings for di schar gi ng the

Pariy ey eotert e el gh £ e A At e 1. v

| ocations in esterification ves
present inventi oneattion meeliurg eexdtimy Iflu:df distrbutcﬂaazmam begihum foam as the

esterification vessel, (14 is |nta| ut 0.,75D. |.ess
Chan Bbour 0_ Bob vapgL bibies et 15 e, i poffth, &N GE resedat et
travels SUbStantl@éﬂetaMPrlfémt %rbhluéﬁﬁrpu@ih edbereabé Calorgn t\h%SSIehgth of
1514. shown _in upon_ entering esterlflcahsgn Vess

14, the reac?pon er%ifﬁﬁ#'@mmj 114|Elﬁ theaiaper AisgperIeiremythgdigid E*&ﬁse of
foam as the vapor @lﬂ@é&p@ ﬂb@%ﬂ%e%aﬁ Hbh8ermbSHinEnL YubsRtialy hﬁ%am

reacti on nedi um ner a oam production can decrease al ong t
| ength of 20 estaxutsilqardmnlet/aﬁgerﬂ/omaagr@w&t@@gﬂrestﬁrgléﬁmé%ssral dfh

LD it phase of L6 K300 FBELUMAAAY T bR SEHRF IR0 o
of esterificatiorstaiisatiorldvessel 14, a downwardly extending baffle 34 can be
25 employed in esterification vessel 14. Baffle 34 can generally be

disposed between fluid inlet 26 and vapor outlet 30 of esterification

vessel 14, but closer to vapor outlet 30 than to fluid inlet 26. Baffle 34

can extend downwardly from the top of esterification vessel 14

proximate vapor outlet 30 and can function to physically block the flow of

30 foam, if any, towards vapor outlet 30. In one embodiment of the present

invention, baffle 34 can present a bottom edge vertically spaced at least
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To hel p ensure that substantially no foans exits vapor outl et 30 of
esterification vessel 14, a downwardly extending baffle 34 can

enpl oyed | WORPKIOBPEcati on vessel 14. Baffle 34 can gen®s¥P$yL 86(@2270
di sposed between fluid inlet 26 and vapor outlet 30 of esterification
vessel 14, but closer to vapor outlet 30 than to fluid inlet 26.
Baffl e 34 can extend downwardly fromthe top of esterification vessel

14 broximate vapogdiid 55p3g: Rag GB0f BB ke Yty PEOHArH il Sktohler

fl ow of 30 foam s vapor outl I'n one enbodi nent
of the present i nestetificionbeisbele144 Inahemnm:meat Bostrateddd ddG. 1, baffle

vertically spaced at |east, abou 5D,. at |e t

| east 0. 75D from 't"ﬁ'i"d%tq SHYVBWaé‘i'Ye grding |pc5’rl]t @egg ?‘9#% gfﬁgp%%&te%dmg
embodi nent i || ustpatied 381 Blfanwardlyaéttbeding orties 36 cmVemhdld'ownwardly
ext endi ng portlon 36 and a_laterally extendin i DP \;\(? R’
ext endi ng por t3 onfTe® aalecalion RICYRMGaranoy @‘t%ﬁoﬁd»awﬁlﬁ% glegally extendirig
proxi mate vapor g;?ﬁﬁ:?ﬁ @car‘/‘@kﬂeﬁd't?ér%rvél'éew REHEM Etﬁttd?ﬁréddoﬁ FSwR@ardly

extend transvers romthe bottomend of° downwardly extend |ng
portion 36 to. a ¢>deadln9@05me3%tqglqmen oeap@lly spdeevay outlet 30. The

o onCa2 ror U TR tALintbind) SoRREUbINGE Wit KSRAREatith Galkel 10

depend on a nunber of tors, 1nc e overa
hydr odynani ¢ r equearedepersd oh & satmbef |or£e[ac|:tors mmcbng,lta)r exammphe the overall
enbodi ment of the e ent _.invention, the tot ?ﬁflfllfg%er nal .volu

esterificatio P W"&‘&n rﬁ‘éu'é‘?mfa'étést"fal% R SEFIEM oY elgstone

about 50 percent erﬁboditﬁﬁﬁit abané presear GeRintioA! th@aﬁ.itaiahﬂe!rtnall%lume of
percent, or at |east 150 percent of the total internal vol ume

recircul ation | oopstesficaionyeseel bgan ber ek leael akput 29 p%{gﬁgﬁ,\,at I'??S}@Pc’”t
anot her embodi mengg gfercfelﬂ? é’c”@éfl”&bd&"ﬁ‘%ér@@nt i fed=Rdbut ADE PeRtent, or at

vol une of esterification vesse can be at | east about 25 percent,
at |east about 5Oepst tehipereant|afdbe tatalintepmlpolweatof recireula ieradaopL 46,

peroent of L1, AGLSGBLE IhARDA Akl HEIRP! 5 TSR] BiuloBffertEor fhe

the fl ow pas exc anger ct cond
112. Referring agaeaemtonFér(ﬁonlthaﬂmmlvmpmalybluemmfeaatemﬁrgatroapfessejmtu &N

? PU?L ?f‘f g,[ ! f4|20att|)é) gt I\t/aggts aetlxoujf%SVpearcgr?tngy Ieast1 azll:())ou(i% |:t=)eercér? t ?Peas? about 75

percent, or at least 150 percent of the aggregate internal volume of
recirculation loop 18, the flow passageway within heat exchanger 12,

20 and product conduit 112.
Referring again to FIG. 1, the vapor stream exiting vapor outlet 30
of esterification vessel 14 via conduit 120 can be routed to a fluid inlet 42
of distillation column 16. The vapor byproduct stream in conduit 120 can
comprise water and alcohol. The water and alcohol can be substantially
25 separated from one another in distillation column 16 to thereby produce
a predominately water overhead vapor stream exiting distillation column
16 via overhead outlet 44 and a predominately alcohol bottom liquid
stream exiting distillation column 16 via lower outlet 46. Distillation
column 16 can be any device capable of separating a stream into a
30 predominantly vapor overhead product and a predominantly liquid
bottoms product based on the relative volatilities of the components of
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of distillation colum 16. The vapor byproduct streamin conduit 120
can conprise water and al cohol. The water and al cohol can be

subst ant i alWoyzo@Biosepar at ed from one another in distill atdooszesioozao 16
to thereby produce a predom nately water overhead vapor stream
exiting distillation colum 16 via overhead outlet 44 and a

predom nately al cohol bottomliquid streamexiting distillation
colum 16 via lower outlet 46. Distillation colum 16 can be any

devi ce capabl e ofthedped stream. aDistilation ¢elumnal G30ah CRMBHER AHeNAls, dyeh as,
over head product d doy nan L QUi diihQt t d RASs

the relative vol aft%lpl ???'ﬁé%bf H%ﬁ% tf,[%)ar(rcfiaéoﬁr}e?iljtb gklgg' ?@té}égdﬁghlgg’me& “Ghy
Distillation col uwombiGatiantheoeqfr i se i nternal s such as, for exanple,

trays, random packing,, structuyed packi,ng, Or ya.conmbi nation ..
thereof. According to RROT H%o{ﬂ rﬂﬂ%t egbqdige fr%ie‘ﬁ% Pﬁ?ﬁeeﬁi igyentqn, e
predoni nant | y snat gredenfidieip dvatep Gvefiigarintasor strewn dixiting Histiltioncodiunin
16 via overhead outlet 44 can conprise at | east about

50 |
percent, at |east1@MERVEsIPAHPEIGATEM COBPISE af abguhgé)g)e%%,pgg;ﬁnt,
wat er. The over hegdeXaRMoup58qHske H%r%éﬁl?bg%@léds@%ggél'eeéeréénmaer. The

distillation colum 16 can be routed via conduit 122 'to subsequent
processi ng, st or aexerhead vapor product discharged from outlet 44 of distillation column
" 16 can be routed via conduit 122 to subsequent processing, storage, or
10 disposal, such as, for example, a wastewater processing unit or a
disposal means employing, for exampte, incineration.

The predominately alcohol bottom liquid stream exiting distillation
column 14 via lower outiet 46 can comprise at least about 50 mole
percent, at least about 60 mole percent, or at least 75 mole percent

15 alcohol (e.g., ethylene glycol). In one embodiment of the present
invention, the predominantly alcohol stream withdrawn from lower outlet
46 of distillation column 16 can have a temperature of at least about
150°C, in the range of from about 175°C to about 250°C, or 180°C to
230°C and a pressure in the range of from about 0.25 psig to about 50

20 psig, about 0.5 psig to about 35 psig, or 1 psig to 25 psig. As shown in
FIG. 1, the liquid stream discharged from lower outlet 46 of distillation
column can be routed via conduit 124 to further processing, storage,
and/or reuse.

As illustrated in FIG. 1, a liquid ester product can exit liquid outlet

25 28 of esterification vessel 14 and can thereafter be introduced into
recirculation loop 18. Recirculation loop 18 defines a flow passageway
from liquid outlet 28 of esterification vessel 14 to inlet 22 of heat
exchanger 12. Recirculation loop 18 generally comprises a liquid
product conduit 114, a recirculation pump 40, a pump discharge conduit

30 116, recirculation conduit 100, pressure reducer 20, and feed conduit

110. The liquid ester product discharged from esterification vessel 14

17



10 di sposal, such as, for exanple, a wastewater processing unit or a

di sposal neans en‘g%oyl ng, for exanple, incineration.
pr edoni nat BQ2GVEBHEI bottom 1i quid stream exiting di stWT’H@%"%‘mm’

colum 14 via |ower outlet 46 can conprise at |east about 50 nole
percent, at |east about 60 nole percent, or at |east 75 nole percent
15 al cohol (e.g., ethylene glycol). In one enbodinent of the present

invention, the prg?ﬁg’bmnﬁrl, ?'@l %R}%@b > bRl Ve 24 rt8n"ﬂ]|<=1?v‘§i{ctnon of

outlet 46 of disti on CcoO rrperat ure
| east about 150C, raairculaéionamgap o40.f rifve abreamn é)?ﬁn?g trunap il cabKe passed

190C to 230C and ssure j.n.the ran r om,abo 0. .psig to
Shout 2090 par's hebfieung dishnange candit T4 drel eheater Selr s plotuct
. psig. As shown i poftibf trdnsgdited ViaUkstes tprédust dicielnar g8l ai‘rrdom ie@weulanon
out let 46 of distillation colunn can be routed via conduit

further processi nBOft@f‘o'i@wor@HdY'érrePE%@'°'A§°I"¢‘I“B§I°Pat dfei $P||ﬂl"'t9 of the
a liquid ester %ﬁﬁe{r'leé@hgeﬁ%ﬁpu@b‘érpbgggh?éd St St 1S F&d 51 fﬁ@trhggs

vessel 14 and can i nt roduc Into recirculation | oop
18. Recircul ati onﬂdmasptel@’ thefreoieculatidn pattipa 9% agmywca torthe opaisd flow rate

12, Recireul at: ond] BSpPPHORLHETER g Lokl naEante Bl ik ingR M Hoout

conduit 114, a reojzscult@tabtmtmﬂ]m doutad. 5u|mbo d!bsuh&lt)g‘f; sodduitd 13011.169\3

recircul ati on condwt 0 | re ghreducer f eed cogdw
e

The Iiquid est®r B ¢ rSiredation rBlion o wioodalt 190 can

can flow initial |é‘véd1&é’l_l}95epérﬁﬁlﬂ§'bdcé§“@\é Fedd 4o tHeak r'&é?ccﬁiiﬁé.éro'120fa1‘ter the
recircul ati on punp he streamexitin cgﬁtfl 40 can ed
f

t hough punp di schaddjior gidigsh atcehghMiat eeh a4, a%qittive(shtveﬁ é;Opawad@ﬁ
portion tra”5p°rt§ﬁdlé}§cn8§&§ﬁorﬁ’dlﬁf+b‘é conduit 118 and a recircul ation

S portion transported via recircul ation conduit 100. The splitting of
the stream exiti ng punphet praduct pertarofitbd liquid asiet produthio eenduit B8 can

e T ow 1 atls aibe fhutkd el & HoliitBhh beBRA el Edtekint) 31dBgb "8r
r angzgeloI of rlgmlabggmeﬂuaér In bgﬁ?mﬁd'%nﬂ' ,at ddamita @arugi(?h (bf(ljtrg?frgtri]uacbohion
o tion T oomaurt aosil (b telshiesd i bilbel eeldfigafendt s sheand

exchanger 12, af tgthgé ksterfidhfidrPredetor! a&sdiibatis®Betail\betowondui t 104,
addi tive(s) via condwt 106, and/or_acid via conduit 108. The product

portion of the Iiquid RefesingpewdetFIG 2 gnerition pf dhe groduct from first stage
20 esterification sysiem 10 (FIG. 1} can be routed to a fluid inlet 48 of a

second stage second stage esterification reactor 50 (FIG. 2) via conduit
A. In second stage esterification reactor 50, the reaction medium is
heated and subjected to esterification conditions. However, in contrast
to the complex and maintenance-intensive CSTRs of the prior art,
25 second stage esterification reactor 50 can be a simple and reliable
reaction vessel that provides littte or no mechanical agitation to the
reaction medium processed therein. In one embodiment of the present
invention, less than about 50 percent, less than about 25 percent, less
than about 10 percent, less than about & percent, or substantially none
30 of the agitation provided to the reaction medium in second stage
esterification reactor 50 is provided by mechanical agitation. In another
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15 be routed to a downstream | ocation for further processing,

storage, or other use. In one enbodinent, at |east a fraction of the
product powtoi2oos/i0B92860nduit 118 can be subjected to furtieErus2008/002270
esterification in a second stage esterification reactor, described in
detail below Referring nowto FIG 2, a portion of the product from
first stage 20 esterification system10 (FIG 1) can be routed to a
fluid inlet 48 of a second stage second stage esterification reactor
50 (FIG 2) via combadiment, secondcdage ssteghcationgiepcios £0i ismot equipeed 3¢th

t he reaction nedi é'ﬁ”abﬁatglaaatseﬂusq}kq?ﬂhbﬁ%mfd to esterification
f .

condi tions. However,~ in contras 0 the conpl ex and
mai nt enance-i nt ensi ve I8S6Re embokingnt] dhe ah¢at podderb nwithsn agecond stage

esterification reagto 0 can be sinple and reliable reagtjon .
Vescel | that r ovi GRETIAENGRCteT, S iDsseR i bpRGufe k¥ reaction
reaction nedi @n phedrms ey ARzt Aboli 5t eatcastbbbi 101F, tdreapleaeR5F.
I nvention, |ess than about 50 percent, |ess than about 25 percent,

| ess than about 1gepeiadivnthe i“@é!_stem&!:?tﬂ!?oﬁf _t"? fractigRtmegjpm can be in the
substantial |y ”O”r%ngged?ffr&rﬂ%b%% 26§t BHOYH §GFC, Irdr @bbERSE5 @ to about

medi umin second st
280°C, or from 240°C to 270°C, while the outlet temperature can be in
the range of from about 230°C to about 310°C, from about 240°C to
10  about 290°C, or from 245°C to about 275°C. The overhead pressure in
second stage esterification reactor 50 can be maintained at a pressure
less than about 25 psig, less than about 15 psig, or less than 5 psig.

As a result of the esterification carried out in second stage
esterification reactor 50, the stream entering second stage esterification

15 reactor 50 via fluid inlet 48 can undergo an increase in conversion of at
least about 2 percentage points, at least about 5 percentage points, or at
least 10 percentage points between fluid inlet 48 and liquid outlet 52 of
second stage esterification reactor 50. Typically, the stream entering
fluid inlet 48 of second stage esterification reactor 50 can have a

20 conversion of at least about 70 percent, at least about 75 percent, or at
least 80 percent, while the stream exiting second stage esterification
reactor 50 via conduit 130 can have a conversion of at least about 80
percent, at least about 80 percent, at least about 95 percent, or at least
98 percent. Generally, the residence time of the reaction medium in

25 esterification vessel 50 can be greater than about 45 minutes, greater
than about 60 minutes, or greater than about 70 minutes.

Turning now to the specific configuration of second stage
esterification reactor 50. In the embodiment illustrated in FIG, 2, second
stage esterification reactor 50 is a substantially cylindrical, vertically

30 elongated, unagitated vessel with 2 maximum diameter (D) and a height-
to-diameter (H:D) ratio in the range of from about 1.15:1 to about 10:1 or
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esterification reactor 50 is provided by nechanical agitation. | n

anot her enbodi nent, second stage esterification reactor 50 is no
equi pped WHOPUBK10898t at or, as illustrated in FIG 2. PCTmS%“P?"Q?ﬁ@“

enbodi ment, the heat provi ded within second stage esterification
reactor 50 increases the tenperature of the reaction 5 nedium by at
| east about 5F, at |east about 10F, or at |east 25F. Generally, the

wbout 2006 t o ancatouohes FRoRPERT BIET o 8, SeRfe A39€ eRlsnnb o
to 270C, whil e theeagtdrl 50 chrnpearpaiser: lonen dne wall tte ar sutgtardhily lc9lindr|cal

about 230C to about, 31 frqm about 240C 10, about 290C
245C to about 275?1de‘¥ﬁ8%§v @é’u“%‘?"és%lﬁir\@alﬁ A8 s WhERd espegvely §Ennd 8Muia

esterification regpgdtafg,obt RaBt BRe TRl BLIGISAL add RY esgw Bull&s80.t NArone
about 25 psig, |ess than about 15 psi g, or | ess t han

A a result offt hemegamem. Silieibealsieuaibbe gan camigBe a bl of vertically
esterification reged @cﬂ.!gtd?ﬁleﬁst J@?tlﬁrli'l@g asah egt Hifdle, and lower

esterification 15 react 0 via can ergo ah
increase in convekcmmbroubliatsaﬁ%eéﬁb 5Bo.utFIquoﬁﬂeieﬁ8,a§lepoouﬁas 52a-c, and

| east about 5 percent o) r at_| 1 e e _paints

bet ween fluid inl¥PC 18‘9@?3 45@ BSU%?%FS&%&& ggg %‘ﬁogﬂé'?ibeao marnner that

igt e][| ficat ld on rem@mmzéé)fth@bomdrbm bhethstnfeaeﬂwnheﬁlumg fidwihg ihvdsih
of second stage esterifica n reactor onver.Ssi on

of at |east atbutsesend e"'rtﬁg‘f"ltes'E c@%pa&%% rpgatlygate ggT&ér"%ﬁ'e pagsart.

80 percent, W“' ' eFérhéxa?hg%aWh@(inlét% §Qf?®€dpﬁtﬂﬂféde§lt erb\fvéPéFeMQf'bn than

reactor 50 via conduit 130 can have a conversi on of | east about 80

percent, at | eastlicishputiets §eacerand yapon euliet 6 dan QS loetednat achigher
| east 98 percent.g g? Rrfdhak Ilqhihemllﬂ:eg%g?é'%e IE'a’EEorQifanEQ he&%éﬁlﬂoﬂgnent
rfica

mediumin 25 ester I on ve can be greater
m nut es, greater flhidnnlabd&t c80bei lncated,indhedowat @Drtidmte ghdbe IaWer one-

TS, S Rl B AR SRR, i BB RE e

second stage este;ﬁmfm:e@t(e@n, theaediddle Séhea-third andst ahéi @der two-thirds), and

cylindrical, ver tvlra%%lr I0>L/1tlet 60 can be located in the top portion (e.g., the top one-third)
of second stage esterification reactor 50.

Referring now to FIG. 3, in to one embodiment, fluid inlet 48

20 and/or liquid outlets 62 can be radially and/or circumferentially spaced

from one another in a manner that maximizes conversion of the reaction

medium in second stage esterification reactor 50 relative to conventional

CSTRs. As illustrated in FIG. 3, second stage esterification reactor 50

can define an upright central axis of elongation 62 from which fluid inlet

25 48 and/or liquid outlets 52 can be radially spaced by respective

distances r; and r,. In one embodiment, r; can be at least about 0.15D,

at least about 0.25D, or at least 0.4D, where “D” is the maximum

horizontal dimension of the volume defined within esterification reactor

50. In one embodiment, r, can be at least about 0.4D, at least about

30 0.45D, or at least 0.5D. In addition to being radially spaced from central

axis 62, fluid inlet 48 and liquid outlets 52 can be circumferentially

20



30 el ongated, unagitated vessel with a maxi numdi aneter (D) and a

hei ght- to-dianeter (H:D) ratio in the range of fromabout 1.15:1 to
about 10: 1wer2oosateers 1. 25:1 to about 8:1, or 1.4:1 to Gdr/usSemonzi7o
stage esterification reactor 50 can conprise a |ower end wall 54, a
substantially cylindrical sidewall 56, and an upper end wall 58,

whi ch respectively define a fluid inlet 48, at |east one liquid
outlet 52, and a vapor outlet 60. In one 5 enbodinment, cylindrical
sidewal | 56 can cepavedsieorn giegnathenbyhan wegle @aps JlusphatesdniflGuidd in one

outlets illustrated,in. Fl 2 prer, m.ddl.e-.and,| ower |]quid

outl ets 52, 5op, Empplimarty G ¢ BEHeart BT e PLicF Bhobt 8t cat east
vapor outlet 60 cablie2epasied Iddstabeme1@stot her in a manner that

maxi m zes the conversion of the reaction mediumflow ng through 10

second stage esterifi cReRHING 8RDJP HE. e IS8rPRE stagecetREnetiopeapior 50
art. For exangy e, f y&iﬂé‘lr@at 48 l@l@”réé%ti@ﬁ%héﬂiﬁﬁ?ﬁo@fngatﬁéﬁéﬁﬁ%légh via a

el evation than liquid outlets 52a-c, and vapor outlet 60 can -~
| ocated at a hi gh@luradibeohvedisalihapacadyinternelihpat tragsigr enembpers positioned

accordance with o ' ta k!l Ui d k&l I eghin
| ower portion (e.%%e(?gmc%bge\/\grﬂ%zr’\ewe 54$hﬁdd;b,%lﬁabu# roﬁ‘ﬁreitééb'wﬁ gﬁﬁe
can be | ocat ed i nethbedimesh) theamedtdrangfgrementbers can Hee hgat exdiangeddbes.

one-third and/ or the er two-thirds), and vapor outl.et 60 can be
Cocated i n the tolAtanRan bk ananged i W B PrTP eIy RRsA0 sayes:
~esterificatiom reaghOkhsSth el MiddleN@wdt RwerGrogp 64at 84BN@nd 64c as

enbodi nent, fluid inlet 48 and/or liquid outlets 52 can be )
radi al |y and/ or cderietafdpdiG: 2t | GFadhaeap ot Baalomechanee Hubes fan reesiyra

that maxim zes coiNEhs! Em’] h ' ' ' :
esterification rggct 3? oggvreégt ﬁ%%%ﬂ?gﬁﬂ"gmrm&gtﬁ%&@%mdmg
illustrated in Fluppes, migstamanddowgeHEM nlets 66at 68n 66sacther HEM then flows

define an upright ral 1S:0 | A i flui

ol et 26 ag"anqr Pttt s Bes 1Pbrs X HRaE e Baclor Py sghbft stage
respective di1$t anesterificatiandeactor 50. oimeorertzothodiment of theapresentiinveation,
D o RN esh I P bt i e RS o e rSaddb
esterification rangdiom ﬁpseddhdcﬁl@%@%ﬁﬁaﬁiﬂn rélactor G et batin iieRfdnge of
about 0.40, at |east about 300.450, or at least 0.5D. In addition taq

being radial |y sftedaReWni@dat akputaks® BEY peruheui Reersayareiach pauih
outlets 52 can bep§ijif#PFE), 4o 8bbit 25 to about 100 BTUM-#2-°F, or from 35 to 80

20 BTU/M-f2°F. The total amount of heat transferred to the reaction
medium in second stage esterification reactor 50 by the heat transfer
members can be in the range of from about 100 to about 5,000 BTU per
pound of reaction medium (BTU/Ib}, about 400 to about 2,000 BTU/Ib, or
600 to 1,500 BTU/Ib. The cooled HTM exits the upper, middle, and

25 lower groups of heat exchange tubes 64a-c via respective HTM outlets
{not showh) and can be subsequently recirculated throughout the HTM
system.

The flow of HTM into heat exchange tube groups 64a-c can be
controlled by upper, middle, and lower HTM valves 68a, 68b, 68c. In

30 one embodiment of the present invention, the groups of heat exchange
tubes 64a-c can be independently operated so that one or more groups
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spaced from one another by an angle 0, as illustrated in FIG 3. In
one enbodi nent, O can be at |east about 45, at |east about 900, at

| east abouWOZBBRAL08YB at | east about 175. Referring agai FCT/BS298402270
second stage esterification reactor 50 5 can provide heat to the
reacti on nedium flow ng therethrough via a plurality of
vertically-spaced internal heat transfer nenbers positioned generally

above fluid inlet 48 and. W vap I e t

the heat transferCabnBSES Ebtg'ghce{gt qﬁéc%“n‘g%“t urﬂggnﬁ‘rh@b ﬁggﬁacasﬁage
be arranggd i Nt westerficaio r‘éaétbr 68 vWhitesqree odmpre gpsupslfrosidel sabstantially
upper, mddle, and | ower Qd4a, 64b, and 64c as depicted in Fl

2. Each group of Me&E 335!%ha‘%@&af"ﬂﬂ)@gec%{'nmpé%gfaegeﬁaﬁ'}gg ngrﬁ)alp?rég\ac
heat transfer me sridldVtiyt 8410 e £ 10S RRREHtIRAaH BBLbilityTof de8ondRtage
| ower HTM i nl etsdigggb 66D, y6 6¢C. The HTM t%n flows th r:)]ttjwb t he tubesg

in order to héat esterificationi F@ﬁctﬁé(ﬁou@r‘fernc§E8§rﬁf theapior gt~ For example, as
esterification reggétf teéq Ei, Oé] ?ﬁpoélvngé@gaﬂrﬁ%ﬁed to hereby
i'cl en

i nventi on, t he he rans er COé assocl ate
of the reaction ngevent flowséamhest A iabd appéii weugmup@datwhelsme:tmel

be in the range of fro 0 about 50 BT, hour reSquyar

foot per F (BTU Hok rggc&?n ”?%“@W%@E)’Gtsef@"fjo% %ﬂ)%ﬁ?tgfggat f’oir_sosng‘ié‘w&
from35 to 80 20 AW idpetftubdotpteala. amhe ebiliry di%tcohdmsﬁ@esfaﬂlft:@tion
the reaction nmediumin second stage esterific tlﬁ{ react or . 50 G{}ted

heat transf er1Q’renﬂ§*éP§)rc‘"9nt°o%P¢fﬁtec Wéh VaRGRI fvels shieasdan ’ﬁ?f@”’f"o‘sdﬁ

5, 000 BTU per I | bihichbe&terd ABO0Nith
2,000 BTU I b, or U%}%.éf%{s(t) "?ﬁggﬁﬂ%ﬁw r{;ﬂ'_t%rg edI HI ﬁ/l e?q '?5'2 cip%g u 2

mddl e, and 25 | owmnstaptoepel of reastionemeriumydn tardes e keep theaheat {ransfer

respective HTM o

recirculated thr tﬁfbﬁ%ﬁ?"ﬁ]&em syesr #tﬁgﬁo pﬁﬁ%ﬁ%ﬁtl nt o heat
exchange tube groups Refetrimpagdie tocFmGr B) & predominpptly vaporpiodyctagah exit
| ower HTM val ves 68a, 6

di ;entof t
vent 1 on ¢ HE grSRAEdopeEapSiertFaiibge MR s S04uc grst puft BOSSH one
i ndependent | y opesmbedinteht tdfahe PigseHt ifisrtion @ prédominantly vapor product

can comprise water and/or alcohol, such as, for example ethylene glycol.
After exiting second stage esterification reactor 50, the vapor stream
flows into conduit 128, whereafter it can be routed to further processing,

20 storage, and/or disposal.
As illustrated in FIG. 2, a liquid product can be withdrawn from
second stage esterification reactor 50 via one or more liquid outlets 52a-
c. In one embodiment wherein one or more groups of heat exchange
tubes 64a-c are operated independently, one or more corresponding
25 liquid product outlets can be isolated as well using product valves 70a-c.
For example, when the reaction medium level 72 is below upper heat
exchange tube group 64a and the tubes are isolated from providing heat
as described previously, upper liquid outlet 52a may additionally be
isolated by closing upper product valve 70a, .as shown in FIG. 2.
30 Similarly, the ability to independently isolate one or more liquid outlets
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can provide heating to the reaction nediumin second stage
esterification reactor 50 while one or nore groups provides

subst ant i aivoyzoosmokezat i ng. Operating one or nore heat exmiwargessiooso
groups 64a-c independently can increase the operational flexibility
of second stage 5 esterification reactor 50 over CSTRs of the prior
art. For exanple, as illustrated in FIG 2, upper HTM val ve 68a can
be closed to thereby prevent flow of warned HTMinto upper tube group
64a when the | eveprogileseadditiangl mpgrationab fienbilite th gecengstage esterification
esterification rg,@%&rrsgo is |l ower than upper tube group 64a. The
ability of second Stage éesterificatiOn 10 reactor 50 to operate with
varying | evel s of reacIheoliquid®estenficatiom pdoduet texisrsecasd stagenesisStifRsatioh
the prior art, which eral | e e with constant | evel of
reacti on medi um | FoGIGD Vg At 12D Retioar hebealier i efied ip toraeg o
subrmerged at & | furthes @rdde’eingPelsath Omas, Reber eka@pRyaiin tp Hbwnsteam
predom nantly vapor product can exit 15 second stage esterification
reactor 50 via vaRRlycandengatigfuseqtignone enbodi ment of the present

i nvention, the predom nantly vapor product can conprise water and/or
al cohol, such as, for exanple ethylene glycol. After exiting second
stage esterification reactor 50, the vapor streamflows into conduit
128, whereafter i d to further processing, 20storage,
and/ or di sposal . ﬁugﬁpic%ﬁ'%ﬁ%%trat ed in FIG 2, aliquid product can
be w t hdrawn 10r om secdre: priesget dedceiptibn asés nomedealtranged tos gaartdife certain
nore liquid outlets 52a-c. |In one _enbodi pent wherein one o e
groups of heat eRAERGET igalingiatne ventin, it Should e BafersiRgd thap wpen
or nore corr esponginféricad rbh%ebﬂ %r@EﬁdWééd,OSI@d:retréng@dW ak® tb B8 abAstr@sd as
wel | using product val ves 70a-c. For exanple, when the reaction

medi um | evel 72 iRSOWEINGWiEEH SuUPREH: fos ciaiam raitations Had anhs Aecitenthe: lawer
tubes are isol at i o i '

a0 d-out | ot Soareldst SFIR! @GE MOS8 AT ATIBR AnBl S Wato/ tne T
product val vd8570«alue abthehtangei nFaFl exaniple 3@ Sisaldsad yumetieal abnge vf 10do

i ndependent |y i salat | 1R I - RLOVI bt I
operational fl exioltg’al F?’ngag?)%{see’%ﬁ%@ps? géregecs%@rrl%hﬁ'ggt ?%ﬁ*?’?ﬁgﬁg@ &%W%O
The 1iquid esteriuppeatboumdp) crhacta ebairh Sresitingntiess dyan el r (withc aibi wer
reactor 50 via c&nduit 130 and can thereafter be routed to storage or
5 further proces 0i‘l'B,ds)such as, for exanple, in a downstream

pol ycondensati on secti on.

20 Definitions
As used herein, the terms “a,

an,” "the,” and “said” means one
or more.

As used herein, the term "agitation,” refers to work dissipated into
a reaction medium causing fluid flow and/or mixing.

25 As used herein, the term “and/for,” when used in a list of two or
more items, means that any one of the listed items can be employed by
itself, or any combination of two or more of the listed items can be
employed. For example, if a composition is described as containing
components A, B, and/or C, the composition can contain A alone; B

30 alone; C alone; A and B in combination; A and C in combination; B and
C in combination; or A, B, and C in combination.
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Nunerical Ranges 10The present description uses numerical ranges to

gquantify certai n araneters relating to the invention. It should be
under st oodMOAPS BB nunerical ranges are provided, sucPCYRFYER002378

to be construed as providing literal support for claimlinitations
that only recite the | ower value of the range as well as clains
limtation that only recite the upper 15 value of the range. For

exanpl e, a disclosed nyperi C§! L e EQ Eo a Inde !
support for a claim re}(!:{f’tl ﬁ% ?rgegr?’ertR% hah I0" %?'\%Ipﬁﬁmﬁb u%%rht’ﬁ%éo%'ndas?d
and a cl ai mrecittigegnp Isemréhap’enl@ﬁuec( Wiahbition teomerusedutodsansiién from a
Definitlons the terns "a,”

"sai d" means one Jﬁ%trréc'tef[’e ore\the &I 1RANG ?re[?%@“tseﬁeﬁ{teiaﬁ?'éﬁ\

refers to work di gabRatRA eidhiéhtor SRATdN lisledi aRarcdstrasiidn tehnd bﬂéNnot
and/ or m xing. 25As used herein, the term"and/or," when used in a

list of two or5 nonecessary, thewahselementsihat makesp ¢ftbe subieel i tens can
be enployed by itself, A?gfggmeggfﬁb‘tﬁ@ﬂrﬁ% ‘Hopié’fﬁ’in P BR8Nl AiP “contain”

listed itenms can be enp exanpl e a conposition is

descri bed as cont have tfga sampopEmended Beaaing as “@mprisngoigosprisesd and
can contain A al one; 30 al %Be' bg | one; A and B in conbination; A
and C i n conbi nat Icg}cppr@e 1o b ?ﬂ ination; or A, B, and Cin

COfTbI nation. Aas UB%H hiegrein), thehetetrar Meistilingr sepa@tidn” refers to
“conprises,"” and "co ri se" are open- ende tranS|t|3n terns used to

transition frtm aSeRAAEG OPECOR EH”%é’IhSF'EC HRUDSEANGEP JTER LN Ok MRFERPier

recited after thecl&hidal %&'t@néé&eb@deﬂmih@femhmambssfwe alibstances
the transition termare not 5 necessarily the only el enents that nake

up of the subj ectbeing separated.
As used herein, the terms “having,” “has,” and “have” have the
same open-ended meaning as “comprising,” “comprises,” and
15  “comprise,” provided above

As used herein, the terms “including,” “includes,” and “include”
have the same open-ended meaning as “comprising,” “comprises,” and
“comprise,” provided above.

As used herein, the term, “mechanical agitation,” refers to

20 agitation of a reaction medium caused by physical movement of a rigid
or flexible element(s) against or within the reaction medium.

As used herein, the term “reaction medium” refers to any medium
subjected to chemical reaction.
As used herein, the term “residue” refers to the moiety that is the

25 resulting product of the chemical species in a particular reaction scheme
or subsequent formulation or chemical product, regardless of whether

the moiety is actually obtained from the chemical species.

Claims Not Limited to Disclosed Embodiments
30 The preferred forms of the invention described above are to be

used as illustration only, and shouid not be used in a limiting sense fo
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As used herein, the terns "containing,” "contains,” and "contain"
have the sane open-ended neaning as "conprising," "conprises," and
"conpri se, womoessioged bel ow. As used herein, the term " dPGIUS2D@IN022Z0
separation” refers to 10 separating one or nore chem cal substances
fromone or nore other chem cal substances based on the relative

volatilities of the substances bei ng separ at ed. As used
herein, the terns "havi ntg "has," and "have" have the sane
open- ended neani rigtesgret ¢ ﬁpﬁ?%ﬁﬁhg)f thec prgsent dgventiony  1Modifigatipnss do the

provi ded above exem;ﬁ%l‘fﬁﬁ%oafrﬁ 18, skiFortie dove) Eﬁblﬂdbé’greadlly made by
"|ncludes," and i ncl e sane open-ended meanin
"conprising," "cdhpse s&ﬂleﬂ inrtte "arb mithouk departiog ifeieal the epirit Of the present
As used herein, the term "mechanical agitation," refers to 20
agitation of a rdQSTEN- medi um caused by physical movenent of a rigid

or flexible ekenent ( s)Trmgmvaﬁtor@memﬁmtatet m|rr|em itomelyeshi th@ Doctrine of
As used herein, theterm ction ned ers to

subj ected to cherfFquiyal ?@fécfﬂ empe aﬁ%‘?séi e [qgéopéﬁﬁ]{r&@pagemf the
refers to the noigb¥ehtiAletion &8 péRainsadWry éﬁbd?éﬁﬁuﬁdt MhteriBfy departing

chem cal species in a particular reaction schene or subsequent

formul ation or cHendaut euteidecthe Hteg rsgree ofdheviuenian ?ﬁesﬁtfpéhyml@e
actual Iy obtai neq’oﬁé\ﬂﬁét m%hem cal species. Clains Not Limted to

D scl osed Enbodi nen e preferred fornms of the invention

descri bed abd®e are to be used as illustration only, and should not
be used in alimting sense to
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interpret the scope of the present invention. Mdifications to the
exenpl ary enbodi nents, set forth above, could be readily nmade by
those skilled in the art wthout departing fromthe spirit of the
present invention. 5The inventors hereby state their intent to rely
on the Doctrine of Equivalents to determ ne and assess the reasonably
fair scope of the present .invention as pertains to any apparatus not
materially departin at i§planieddst si de the literal scope of the

i nvention as set fdrtéhpmme'smmpxh*mgl ng clains. 10 Wat is clained
is: 1. A process cqgpéi é:d’!ﬂwa(ﬁbcﬁbhbhféalilhrﬂgo%bfeﬁﬁéhﬁ&ﬁ‘uf@%tum to
esterification in a gé cgbiyat@a%géé@a 83t flakf, drC%]ie?él rgqq Lor
wherein said esterlfl t e aving a
fluid inlet and at % [f‘é‘i%/\rbgn gé{)ac?cg a;sgngi Si%y]n rg fi qui d
outl et t hrough whi chil @P@ﬁ ?@w@m FheamEELIREA d

esterification react GAuEheuiletthpie cdx a regedioghmgiven 13 disor
esterification by-proharged imndsaad hstragﬁdatﬁmmmasmrandsumf owiat i on

reactor, wherein sai lbtviapogh ediitlevapar eseedicatdopbytpfredsaiedikessel at a
hi gher el evation t ha@heﬁ' @i ﬂfdlﬁl!;laﬂl estetigtatiG@irétoiot Svlicpéiat sdi@cat ed at
a lower elevation th gzgl i d1QutdEbn ﬂq qd eve'%k 4 =3 gﬁa
esterification react 1 I nsi de
the esterification rglevzfnoﬁ \th gﬂ %&(ﬁg B4 fﬁlgﬁh E{S‘é mtsal d

esterification r eact% H‘éﬁi‘gﬁﬁ I ‘irﬁlt‘wld or if
mechani cal |y agi t-at e@fter "éloﬂlhé@ﬁcéckfoﬂ")@d% Qakn e AGREEAN on to t he
reacti on mediumis pnwdludlemme thecistenification readton and 2. The process

of claim1, wherei(b)dil kerRtibhaiedig wngiit &ékiatioheehttvl ¢ i nl et has
an initial conversi Oé]ﬂiéfrné%nﬁe@]@zﬁ{lczﬁ 1ta?9d Qﬁ"ﬂﬁ@& 1’1n1ca1]§( aglhe proCess
out ! et has a“”f’.eﬁél " a8, 138 % L % §?f et " ) e
process of claim3 ;gfbﬁlgﬁh%géf 0%?9 tl%e %1 S ﬁ%]%g% | east about
75 percent and sai # 8¥°°€§?\9§FB¥1 al‘é’ %‘fem@é%feaﬁﬁ%tm juBkr cent .

5. The process ofntetingthe fluihdnlet hag andnitinl @onversion ehat lkast or has a
hei ght -t o- di arretaimtrté?ﬁpnrcantt he range of from about 1.15:1 to about

10: 1. 3. The process of claim 2, wherein the reaction medjum
discharged through the liquid outlet has a final conversion of
at least about 80 percent.

4. The process of claim 3, wherein said initial conversion is
at least about 75 percent and said {inal conversion is at least
about 85 percent.

5. The process of claim 1, wherein said esterification reac-
tor has a height-to-diameter ratio in the range of from about
1.15:1 to about 10:1.

6. The process of claim 1, wherein said fluid inlet is located
in the lower one-third of said esterification reactor, wherein
said liquid outlet is located in the upper two-thirds of said
esterification reactor.

7. The process of claim 1, wherein said esterification reac-
tor defines an upright central axis of elongation, wherein said
liquid outlet is radially spaccd from said central axis.

8. The process of claim 7, wherein said fluid inlet is radially
spaced from said central axis.
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6. The process of claim1, wherein said fluid inlet is located in the
| ower one-third of said esterification reactor, wherein said liquid
outlet is located in the upper two-thirds of said esterificati on
reactor. 7. The process of claim1l, wherein said esterifieation
reactor defines an upright central axis of elongation, wherein said
liquid outlet is radially spaced fromsaid central axis. 8. The
process of claim7, wherein said fluid inlet is radially spaced from

said central axis. . The prqcess of clai m8 wherein said
esterification reactord IRREOGESHAX FlaimmShavhereinsald esiarrficesiongege- wher ei n

sai d |iquid outl etlor das adinakimuspherdchdel diensterafd)twitersid saidm sai d

central axis and dajuid butietlisiraliiadlly spacedal lehdtynbepe0dd fon eddt about

0. 15D from said C%@hfr@i ax&éﬁéﬁdsmdﬂ&dﬁhﬁlﬁaﬁ $padedddi ddft Sowpher ei n

said fluid inlet afﬁ%e;ﬁ\ circu erentlally spaced from
a@g’&l

T whorei n o ti? #ﬁgaﬁ%ﬁfsr GaVoEE g PO oeE 8pdand o

plurality of vert 911 ehaesirquaniesrnsially spacedviierepae auothesst a
first portion of bmaﬂler%aab@lﬁrf?(héegrm enters said esterification

reactor through sai g firHebrodest of \M@ﬁﬁlel nw%%réﬁ%ld dsefifiepdopor tion

of said 'reaction dmRei AHoah8s & ﬁﬁi‘ﬁﬁ rrp 18] drz@bd on
reactor through o sai d
e ﬁﬁpﬁﬁéﬁﬁzﬁ. fhia s
12. The process ofacdfulp o rapier ithrqughy it or -
defines an upri ghtileleivRarithaf deast 158 @@HJOJWQ&%WI EagtPE | ui d
inlet and said |igwidiunisdisthargediroaxiai %tcrsfmmedrf:aatm@lammlnent ral

axi s, wherein saichd of miorandl ssidtliqtid andets| whierdie seidt flwitlliyles paced from
Olne ami)tl hE\rm by at]okardlat aleWer 292069 f188Ssaid liqdid ouklegs.pr ocess of
clalm erein

substantially cyli ??rl ‘ﬁab}&%& gf%ﬂa(i&r ig \?geﬂa ’%E%ﬁrﬂp‘% t‘g[glﬁ?%ﬁmr eact or,
wherein said ini é@a?@rﬁ RAR VB SRR L P“8? tiquy;vgherein

esterification regdgpidinletand saigdiquideetiass @weréd@ﬂlmbpachﬁ@mier
conpri si ng heat i ngidegniral @ass, wdreremdnidaulat asdioutlebarerdifquaafer-on

reactor during sandiallyt spackdcfibivene anckher byeatpiceeaboat 1Q0ai m 14,
wherein said heatdexgge sS provided by a plur aI I ty of vertically spaced

heat transfer rrenb e n said
vertically space l}er B%O%f %ﬁbgﬁ ar g}m%% §-a
i ndependent |y op&l llls%l‘fl?ﬁglté stapti B rigaj s ‘Fl‘éé nge’

nenbers can pr ovﬁé’@ﬂfﬁ@aﬂpﬂge%ﬁorséi‘ih?ﬂ?lé&éﬂ@ﬂﬁtﬁ%éﬁf diia bwase or rnore
ot her of said hemldpwdhaflgsdrmtdnﬂicanpnmcdas no heating of said

reacti on nedi um The progess aim 14, wh n_sai,d heati ng
i s provided by f1 ot Léh Fs@fcjﬁéliivr I SOHPHS IS ‘?aﬁ“%F"HF‘m ity of

vertical |y spacedeggtiompmegiumeiit saisl castagicatignagactor during said
esterification.

15. The process of claim 14, wherein said heating is pro-
vided by a plurality of vertically spaced heat transfer mem-
bers.

16. The process of claim 15, wherein said vertically spaced
heat transfer members are capable of being independently
operated so that one or more of said heat exchange members
can provide heating of said reaction medivm while one or
more other of said heat gxchange members provides no heat-
ing of said reaction medium.

17. The process of claim 14, wherein said heating is pro-
vided by flowing a heat transfer medium through a plurality of
vertically spaced groups of heat exchange tubes.

27



18. The process of claim 17, further conprising, substantially
elimnating flow of said heat transfer nediumthough at |east one of
sai d groups of heat exchange tubes when the | evel of Said reaction
mediumis | ower than at | east one of said groups of heat exchange

t ubes. 19. The process of claim1, wherein |ess than about 23
percent of said agitation is provided by mechanical agitation. 20.
The process of claim1, wherein said reaction nmediumreceives
substantially no qgcfp‘ﬁ@l;@@éeg,agf thilinal ¥, durthagc@apdsingt @tbistaneat i on.

21. The process g Célﬁhfﬁhﬁnaﬁbear&'sa;dﬁ@a{@ﬁsf@em:a;dmuﬁ)ugfhasal d

reacti on medium, %ﬂst & fs?ﬁ&éfde&%%{e Rxk élﬁleq{lbés%vﬂéxﬁﬁxfe@éveqha” about

45
il e &Odee%u%]St Aﬁéﬁ’tﬁﬁg e rasnaé% of from

esterification i
about 200 C to%%ﬂﬁo t @xchanggfubeg, o rocess of claim1, wherein
sai d esterificatidf. Theqmoréssdofoctaimtl,aw m@ssiﬁse thess gboWaA3 about 25
psi g. 24. A pepes of saltppltationgis proyidedbyentdingical agitator eact i on
medi um to esteri f!zﬁaﬂng? rdcrés@ f élﬁﬁﬁ 1e§, %Eé]ﬁ'sﬁﬁtﬂe%m%i)ﬂl%dﬂﬁ]ﬁl ned by a
first esterificationre 1 gi}g%n él%rin'oqéﬁﬂ outl et,

ir

and a vapor outlg‘fel‘efs S‘f yeskan product “havi ng a
conversi on of atesiesifica 1a%rout 70 Ipercent and a vapor byproduyct exiting
the first esterif2tafheproceasvdelaimhrlyvgiereinaho appidensettige odn said |
first esterificabjdRateaehmdinmid s4kl)csserbfieativhrgactor isegreaten portion
of said first prtggyggc,ﬁtqﬁlﬁhﬁﬁg esterification in a second

ester fication Zoagtfﬁg;gggqs%fg R A ags oy, b
e OU

a fluid inlet and pgsa liquid
outlet and a vaﬁéfﬂ ‘}t@fﬂeé}lﬁe}'i%‘fu ?Wé’ %%@%?‘Hz@p guct havi ng
a conversi on of ta@bea¥i0°dbout 80 per cent discharged from said second
esterification regstThetphscasyof cheml 1 qeheretm sdidt estarifidationés ond
esterification reaedPsutdatpreSutOras ethrpdbont 25@REE. el evation than the
fluid inlet and having a vapor bypr oduct di schar ged fromthe second
esterification red¢tbmprotassggprsilgyapor outl et on the second
esterification re?é)tsﬁb ectiig aairst @attibis srediun es esetificatadn oma r eact or

provides heat to the Q&hﬁ@&léﬁ%wueﬁnecﬁé aTﬁth REteeiieatiof cl ai m 24,
wherein said fi rst avx ﬂh%‘ftﬁ §] r['ll(? u@é‘r hE@%tva gput 75
percent and said s YL ast about 85
per cent. 26. The0 B sal’%seca d
esterification reacYQi‘ﬁlOiﬂé) \?& EtaFE‘qu RS avapor '

uct exiting the first estenﬁcanon reactor throucrh the
vapor outlet on said first esterification reactor; and

(b) subjecting at least a portion of said first product to
further esterification in a second esterification zone
defined by a second esterification reactor having a fluid
inlet and at least two separate outlets comprising a liquid
outlet and a vapor outlet to thereby produce a second
product having a conversion of at least about 80 percent
discharged from said second esterification reactor
through the liquid outlet on the second esterification
reactor that is located at a higher elevation than the fluid
inlet and having a vapor byproduct discharged from the
second esterification reactor through the vapor outlet on
the second esterification reactor, wherein said second
esterification reactor provides heat to the reaction
medium.
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27. The process of claim 24, wherein said second esterification
reactor vapor outlet is |ocated at a higher elevation than
cation reactor liquid outlet. 28. The process of
claim 24, wherein said second esterification reactor fluid inlet is

| ocated in the | ower one-third of said second esterification reactor,

second esterifi

wherein said second esterification reactor liquid outlet

sai d

is |located

in the upper two-thirds of said second esterification reactor. 29.
C'ﬂ th ro&\tfk@b@bmlm@ﬂﬁm@ndaﬁbﬁﬁtpﬁmﬂhm r eact or
fétxl t6‘751 SRleft 986 AM esdoadi fication

reactor has a ITB.XI n said second
P&Q ?ﬁ%% bﬁf gg‘?%&ﬁ*
esterification %OD@ %?eggit | east 0.4D

The process of
defines an uprig

ra
from said central? F’éjr?all

5

or fluid

inlet is radi al¢%?10$1rf§é‘é’f9fa@cvqr§‘é Y 0!?31‘35 romsaid central axis,

wherein sai d sec®7d Teeteoidss odclam 24 avheyeinf said seqomdenstaxiftt

second

esterification ¢gatreactbt vapod catletielocated at ahigied elewativatiiap spaced
fromone anot heg, @Xec%hd'e%?e‘ﬁﬁc@ﬁ@ﬂ&e&@o idesitlet. 30. The
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second esterification reactor fluid inlet and said second esteri-
fication reactor liquid outlets are radially spaced from said
central axis, wherein said second esterification reactor fluid
inlet and second esterification reactor liquid outlets are cir-
cum/{erentially spaced from one another by at least about 120
degrees.

32. The process of claim 24, further comprising heating a
reaction medium in said second esterification reactor.

33. The process of claim 32, wherein said heating is pro-
vided via indirect heat exchange with a heat transler medium
flowing though a plurality of vertically spaced groups of heat
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exchange tubes.

34. The process of claim 33, further comprising, substan-
tially eliminating flow of said heat transfer medium though at
least one of said groups of heat exchange tubes when the level
of said second esterification reactor reaction medium is lower
than at least one of said groups of heat exchange tubes.

35. The process of claim 24, further comprising, optionally,
agitating a reaction medinm in said second esterification reac-
tor, wherein less than about 50 percent of said agitation is
provided by mechanical agitation.

36. The process of claim 35, wherein said reaction medium
receives substantially no mechanical agitation in said second

esterification reactor.
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